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BLOCKED MERCAPTOSILANE COUPLING AGENTS FOR FILLED RUBBERS 



FIELD OF THE INVENTION 

This invention relates to sulfur stiaae coupling agents which are latent, that is, they are 
5 in a state of reduced activity until such a time as one finds it useful to activate them. The 
invention also relates to the manufacture of rubbers including inorganic fillers and these 
stiaae coupling agents, as well as to the manufacture of the siianes. 



BACKGROUND 

10 The majority of prior art in the use of sulfur-containing coup g? i rubber 

involves siianes containing one or more of the following chemical bonds types: S-H 
(mercapto), S-S (disulfide or pelysulfide), or OS (tMocarbonyi). Mercaptosilanes have 
offered superior coupling at substantially reduced loadings; however, their high chemical 
reactivity with organic polymers leads to unacceptable' high viscosities ~\ ssmg and 

S 5 premature curing (scorch). Their undesirability is aggravated by their odor. As a result, 
other, less reactive coupling agents have been found. Hence, a compromise must be found 
between coupling and the associated final properties, processability, and required loading 
levels, which invariably leads to the need to use substantially higher coupling agent loadings 
titan would be required with mercaptosilanes- and often also to the need to deal with less than 

20 optimal processing conditions, both of which lead to higher costs. 
The prior art discloses acylthioalkyl siianes, such as 
CHjC(-0)S(CH 2 ) } ,3Si(OR) 3 [M.G. Yoronkov et at. in last. Org. KJrim., Irkutsk, Russia] and 
HOCeO)CH J CHjC(=0)S(CH J ) 3 Si(OC 2 H 5 ) 3 {US Patent No. 3,922,436 to R. Bell et alj. 
' akesMtaand Sugawara disclosed in Japanese Patent IP 6327075 1A2 the use of compounds 
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represented by the general formula, CH 2 -CfCH 3 }C(-0)S(CH s ) w Si(GCH 3 ) 3 in tire tread 
compositions, but these compounds are not desirable because the unsaturation a,p* to the 
carboay! group of the th k-sirable pot ~ 

compounds i pr . e ! srittg storage. 
5 Prior art by Yves Boraai and Olivier Durel, in Australian Patent AU-A-10082/97, 

>es the use in rubber o f silanes of the structure represented by 
R s fl X 3 . fl Si-(Aik) ia (Ar) ? -S(C-0)~R where R 5 is phenyl or alkyl; X is halogen, aikoxy, 
cycioalkoxy, acyloxy, or OH; Alk is alkyl; Ar is aryS; R is alkyl, alkenyk or aryl; n is 0 to 2; 
and m and p are each 0 or 1, but not both zero. This prior art, however, stipulates that. 

1 0 compositions of the structures of Formula ( I P) must be used in conjunction with 

functional ized siloxanes. In addition, the prior art does not disclose nor suggest the use of 
compounds of Formula {IP} as latent mercaptosilane. coupling agents, nor does it disclose nor 
suggest the use of these compounds in any way which would give rise to the advantages of 
using them as a source of latent mercaptosilane. 

is US Patent Nos. 4,519,430 to Ahamd et al. and 4.184,998 to Shippy et al. disclose the 

blocking of a mercaptosilane with an isocyanate to form a solid which is added to a tire 
composition, which rnarcaptan reacts into the tire during heating, which could happen at any 
time during processing since this a thermal mechanism. The purpose of this silane is to avoid 
the sulfur smell of the mercaptosilane, not to improve the processing of the tire. Moreover, 

20 the isocyanate used has toxicity issues, when used to make the silane arid when released 
during rubber processing. 

U.S. Patent No. 3,957,718 to Porchet et al discloses compositions containing silica, 
phenoplasts or aminoplasts and silanes such as xanthates, thioxanthates and dithiocarbamates; 
however, the prior art does not disclose nor suggest the use of these silanes as latent 
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mereapto its nor as the advantage of using them as a source of latent 

mercaptosiiane. There remains a need for effective latent coupling agents which exhibit the 
advantages of mercaptosi lanes without exhibiting the disadvantages such as described herein 



S SUMMARY OF THE INVENTION 

The slianes of the present invention are mercaptosiiane derivatives in which the 
mereapto group is blocked ("Mocked mereaptosilanes" ), i.e., the raercapto hydrogen atom is 
replaced by another group (hereafter referred to as "blocking group"). Specifically, the 
silanes of the present invention are blocked mereaptosilanes in which the blocking group 
.10 contains an unsaturated heteroatom or carbon chemically bound directly to sulfur via a single 
bond. This blocking group optionally may be substituted with one or more- carboxylate ester 
or carboxylic acid functional groups. The use of these silaaes in the manufacture of inorganic 
filled rubbers is taught wherein they are deblocked by the use of a deblocking agent during 
the -ran ufk t w ing process. The manufacture of such silanes is taught as well. 

IS 

DETAILED DESCRIPTION OF THE INVENTION 

Silane Structures 

The blocked mercptosilanes can be represented by the Formulae (1-2): 
{[(ROCC^MG^-Y-SJrG^),- CD 
20 [(X,SivGHY4S-G~Si^U (2) 

wherein 

Y is a polyvalent species (Q) Af-EI preferably selected from the group consisting of 
-G(=NR>; -SC(-NR)-; -SC(-O)-; (-NR)C(=0)- ; (-NR)C(-S)-;-0C(=O>; -OC(=S>; 
-C(=OK -SC(-S)-; -Gf-S>; -S{0>; -S(0) r ; «QS(=0} 2 -; (-NR)S(-0) r ; -SS(*0>; 
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-OS(-0)s £-NR)SH»- ; -SS(Oh-i {-S} 2 P(=0}~; ~fS)P(=0}~; -P(-0)(-fe (~5} 3 P(-S)~; 
-C~S}P(-S)-; -Pf-S){-) 3 ; (-NR),PH)H X^XW^K (^X^)P<H3H (-0X-S)P(=OH 
WWrOK ~fO)P(Oh ~(-NR}P{-0)-; (-NR) 2 P{=S}~; (-NR)(-S)F(-S)-; (-OX-NR)P(«S)s 
C-0}(-S}P(-SK (-0),P(-S)s -(^0)P(-S)s and -(-NR)P(-S)s each. wherein the atom (A) 

s attached to the unsaturated heteroatom (E) is attached to the sulfur, which in turn is linked via 
a group G to the silicon atom; 

each R is chosen independently from hydrogen, straight c\ elk or branc iedalkyl ha 
may or may not contain unsahtration, aikenyi groups, aiyl groups, and araikyl groups, with 
each R containing from 1 to ! 8 carbon atoms; 

10 each G is independently a monovalent or polyvalent group derived by substitution of 

alkyi, alksnyl, axyl or araikyl wherein G can contain from 1 to 18 carbon atoms, with the 
proviso that G is not such that the silane would contain an ^^unsaturated carbonyi including 
a carbon-carbon double bond next to the tlnocarbonyl group, and if G is univalent (he,, if p ~ 
0), G can be a hydrogen atom; 

15 X is independently a group selected from the group consisting of -CI, -Br, RG-, 

RC(*0)CK RjC==NO- s R } NO- or R 2 N~, ~R, -(OSiR,) t (GSiR,} wherein each R and G is as 
above and at least one X is not -R: 

Q is oxygen, sulfur or (-NR-); 

A is carbon, sulfur, phosphorus, or sulftmyl; 

20 E is oxygen, sulfur or NR; 

p is 0 to 5; r is 1 to 3; z is 0 to 2; q is 0 to 6; a is 0 to 7; b is 1 to 3; j is 0 to I , but it 
may be 0 only if p is l,cis 1 to 6, preferably I to 4; t is 0 to 5; s is 1 to 3; k is 1 to 2, with the 
provisos that (A) if A is carbon, sulmr or sulfonyl, then (i) a + b - 2 and (it) k=*i; (B) if A is 
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phosphorus, then a + b ~ 3 unless both (i) e > 1 and (il) b - l,in which case a - c * 1; and (C) 
if A is phosphorus, then k is 2. 



As -used herein, "alkyP includes straight m die a roups, and 

5 " aikeny!* includes straight, branched and cyclic aikenyl groups containing one or more 
carbon-carbon double bonds. Specific alkyls include methyl ethyl propyl isobutyl, and 
specific aralkyls include phenyl, tolyi and phenethyl As used herein, "cyclic alkyF or 
"cyclic aikenyl" also includes bicycHe and higher cyclic structures, as well as cyclic 
structures further substituted with alkyl groups. Represei u\ e exa 5 ^ - v rorbomyl 

10 norbomenyl, ethyhiorhomyl, ethyhiorbomenyl eth>k a . : . % c > 
cycl ohexy IcyolohsxyL 

c functional groups (»YS- • present in the siianes of the 
present invention include thiocarboxylate ester, -C(^Q)-S~ (any silane with tins functional 
group sa ) > ter silane dithiocarhox v ^ (a x new 

15 functional group is a " dithiocarboxyiate ester silane" }; thioearbonate ester, ~0-C(K')}~S- (any 
silane with this functional group is a "thioearbonate est; - ocs 1 bonate t ster, 

~S-€(~QVS~ and -0-C( :::; S)-S- (any silane with this functional group is a "dithiocarbonate 
ester silane" ); trithiocarbonate ester, S-C(^S)-S- fan> ?ifane with hi functi - group k * 
"tritMocarbonaie ester silane" ); dithlocarbaraate ester, N-CC^Sj-S- (any silane with this 

20 functional group is a " dithiocarbamate ester silane N thiosuifonate ster S(- -S- an; 
silane w t ate ester. 

-0-5(=C)) r S- any silane w s v 1 c I g x p I ;r silane"}; 

1 - ' .ster. f-K-)S(=0) ; -S- (any silane with this functional group is a "thiosuLV "3 . 
ester silane" lios er, C-S(=G)-S~ (an> r apis a 



WO 99/99036 FCWSS8/17391 
" thiosuiiinate ester silane" }; thiosulfite ester, -Q~S(==G)~S- (any silane with this functional 

gtoup is a " thiosolflte ester silane"); tiiiosuifimate ester, N-S(K>)~S- (any silane with this 

functional group is a 'Hhiosulfenste ester silane 1 " ); thiophosphate ester, ?^Q){Q~} 2 {S~} (any 

silane with I t al group id a " thiophosphate ester silane" ); dkhiophosphate ester, 

5 P(«O)(0-)(S-) 2 or P{=S)(0-) 2 (S-) (any silane with this functional group is a 44 dithiophosphate 
ester silane" ); tritkiophosphate ester, P{«OXS-)$ or P(=S)(0~)(S-) 2 (any silane with this 
functional group is a "trithiophosphate ester silane"); tetrathiophosphate ester P(=S)(S-) 3 
(any silane with this functional group is a "tetrathiophosphate ester silane"); 
thiophosphamate ester, -P(~0}(-N-)(S-) (any silane with this functional group is a 

i o .«*ne" > }■ dithtophosphamate ester, -P(-S)(-N-)(S-) (any silane with 

this functional group is a "ditfaiophosphamate ester silane"); thiop tosphoi nidate ester, 
(-H-)P(-0)(0-)(S-) (any silane with this functional group is a "thiophosphoraraidate ester 
silane'* ); dithiophosphoramidate ester, (-N-)P(=0)(S-) 2 or (-N-)P<«S)(0-)(S«) (any silane with 
tills functional group is a " dithiophosphoraniidate ester silane' 5 ); trithiophosphonunidate 

IS ester, (-N-)P(^S)(S~), (any silane with this functional group is a " trithiophosphoraniidate 
ester silane"). 

Novel silanes of the present invention are those wherein Y groups are ~C( ::: NR)-; 
-SC(-NR)s ~SC(0>; -OC(=0>; -S(=0>; -S(-0) r ; -0S(O) r ; ~(NR}SH>) r ; ~SS<«0>; 
-OS(«0)s -(NR)S<0> ; -SS(«0) r ; (-S)jP(=0)-; «f$>P<=0>; ~P(0)<-) 2 ; (-S) 2 P(=S>; 
20 <-S}P(-SK -PeS)(-},; (-NR) 2 P(-0)s (-NR)(.S)P(=0>; (-0)(-NR)P(=0)s (~0)(-S)P(O>; 
(-0),P(-0)-; -(-0)P(=O).; -(-NR)P(K))s (-NR) 2 P(-S)-; {-NR)(~S)P(-S>; (-0)(~NR}P(-S)s 
(-0)(-S)P(-S)s (-O)jP(-S)-; -(-0)P(«S)s and ~(~NR)P(-S>, Particularly preferred of these 
are -OC(-0)-; ~SC(O.K «St~OV; -OS{-0>-; -(-S)P(==0)-; and -P(=0)(-) 2 . 
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Another novel sikoe would be one wherein Y is RCH>>- wherein R has a primary 
carbon attached to the carboayl and is a C 2 -€ i2 alkyi, more preferably a Q-C s alkyl 

Another preferred novel structure is of the form X 3 SiGSC( : =0)GC{-0)SGSiX 5 
wherein G is a divalent hydrocarbon, 
5 Examples of G include ~(Cbl 2 \~ wherein n is 1 to ! 2, diethyiene cyciohexaae, 

1,2,4-triethyiene cyclohexane, and diethyiene benzene. It is preferred that the sum of. the 
carbon atoms within the G groups within the molecule are from 3 to 18, more preferably 6 to 
14. This amount of carbon in the blocked mercaptosilane facilitates the dispersion of the 
inorganic filler into the organic polymers, thereby improving the balance of properties in the 
10 cured filled rubber. 

Preferable R groups are alkyls of C, to C 4 and H. 

Specific examples of X are methoxy, ethoxy, isohutoxy, propoxy, isopropoxy, 
acetoxy and oximato. Methoxy, acetoxy and ethoxy are preferred. At least one X must be 
reactive (i.e., hydroiyzable). 
15 Preferred embodiments are wherein p is 0 to 2; X is RG- or RC(=O)0-; R are 

si a cVv » hi \ v ^ or o^viul v - aMiUv. > 

* ~. Ju\i^vv . * -. The most preferred anbMiments include those wherein p k 
aero; Xis ethoxy and G is a C r C ;2 alkyl derivative. 

Representative examples of the silanes of the present invention include 
20 2-triethoxysiiyi- 1 -ethyl thioacetate; 2-trimethoxysilyl- 1 -ethyl thioacetate; 

2-(methy i ^ < ~ ethyl thioacetate; 3-trimethoxysityM -propyl thioacetate; 

triethoxysilylmethyl thioacetate; trimethoxysilyhnethyl thioacetate; > o i s a 

thioacetate; methyidiethoxysilylmethyi thioacetate; methyldimethoxysiiyhnethyf thioacetate; 
methyldiiso] ■> i \ tate; dimethy!ethox> ;ei 1 thioaeetate; 
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dimethylmethoxysiiyimethys ihioacetaie; dimethyiisopropoxysilylmethyl thioacetate; 

2-triisopropoxysiIyl-l'eihyl thioacetate; 2-Croetb;. Ih -;. - h f> i -etlr 1 th oace-i - • 

2- {methyidiisopropoxysily!)-l -ethyl tMoacetate; 2-CdiimthyIe&mysilyl>l~^hyI thioacetate; 

uo ic eta e 2h d methylisopropc x\ sil> I 1 -ethyl 
s thioacei - yi- } -propyl thioacei - hioacetate; 

3- methyidiethoxysilyI-l -propyl thioacetate; 3-methyJdimethoxysily!- 1 -propyl thioacetate: 
3~methyMiisopro|K>xysiIyl-i-propyl thioaeetaie; 

2-lxk ^ane; 

1- (2-Methoxysilyl-l-ethyl)~3-thioacetykyciohexane; 24riethoxysiiyi-5-thioacetyinorbornene; 
}0 2-trki ^ > « -*moacetyittorbomens: 2r<2«triethoxy$i1yl~] -ethy l)-5-thioacetyinorboraene; 

2- {2-triethoxysilyl- 1 -ethyI)~4-thioaeety Inorbomene: 

1 -{]-oxo-2-ttiia-5-triethoxysilylpeny])benzoic acid: 6-trietboxysiiyM -hexyl thioacetate; 

? ~trieihoxysiiyl~5-hexyl thioacetate: 8-txtethoxysilyM-ociyl thioacetate; 

l-trjethoxysilyl-7-octyl thioacetate; 6-triethoxys;lyi-! -hexyl thioacetate; 
IS- i-trietlioxysiIyI-5-octy] thioacetate; 8-trimethoxysiiyI-l-octyl thioacetate; 

I -trimethoxysilyl-7-ociyi thioacetate; I Q-triethoxysily!- 1 -decyi thioacetate; 

1 -trietboxysityl-9-decyl thioacetate; i -triethoxysily l-2-butyl thioacetate: 

l-triethoxysilyl-3-buty! thioacetate; l-triethoxysilyl-3-methyl-2-butyl thioacetate; 

1 -tnethoxystlyl-3-methy!-3«butyi thioacetate; 3~irimethoxysiiy]-l -propyl thiooctoate; 
20 3-triethoxysiiy I- i -propyl thiopalniitate; 3 -triethoxysiiyl-i -propyl thiooctoaie; 

3- triethoxysiiyM -propyl thiobenzoate; 3-triethoxysilyl- I -propyl thio-2-ethyihexanoate; 
3-methyldiacstoxysi!yl-l -propyl thioacetate: 3 -triacetoxysilyl-1 -propyl thioacetate; 
2~methyMiacetoxysiiyi-l -ethyl thioacetate; 2-triacetoxysiIyl- 1 -ethyl thioacetate; 
l-meihyldiacetoxysilyl-l -ethyl thioacetate; l-triaeetoxysilyl-l -ethyl thioacetate; 

8 



ropyi)i phate 
Ms-(3-triethoxysiiyi-!-pro| , - > s 

bisn3-tdr;hoxystl>4-l-propyl)ethyJdithiophosphoBaie: 
Mrieihox) i a .thiophosphinate; 

3-triethoxysiIyl- 1 -propyldiethyithionhosphinate; 
tTis-(3-tn8thoxysi!yI-i~prop^ etraihiophosphait 
bis-{3-triefhoxysilyi-- 1 -pmpyi)methyitritblophosphonate; 
bss<34nethoxysiiyl~ i -propyI)ethyltrithioph0^ho»Me; 

^ i ' oil 

3-triethoxysily 1- 1 -pr pyl.dk iith phinatc 
tri$<3-meihylditnethoxyi^ 

bis-(3-methyldimethoxysalyI- 1 -propyl)metibyldithiopho«phonate; 
bi8^3-melh>idirnethaxyd!yl-l-propyl)ethylcH^opho^hoiiate; 
3-methyldim«thoxysii> 1 -propyl ?spbinate; 
3-meUi>3k»u ~ > <. - N i sphinate: 

3~^Tielhoxysi]yi-i-propy!methyithlo.su!phate; 
?- rietho f lonate; 

Mriei sxysi - ethanelhiosidphonate; 
5-triethoxys - ? 

salphoaale; 

3-triethoxysiiyl-l-propyinaphti'iaieHethIosuIpboRate; 

3-triethoxysiIy 1- 1 -propylxy kaethiosalphonaie; a \ m! h n « 

sxysiiyimethybirf 
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triethoxysilylmeihyibenzenethiosulphonate: triethoxysiiylmethyholueneihiosuiphonate; 

triethoxysi chtnalcnetlnosulphonatt.. ril iosulpheaate 

>li teked mercaptosilanes may be used. inclta 

synthetic methods result in a distribution of various silanes or where mixes of Mocked 

5 messaptosilaaes are used for their various blocking or leaving s es. Moreover, it is 

understood that the partial hydrolyzates of these blocked mercaptosilanes (i.e., blocked 

mercaptosiloxaaes) may also be encompassed by the blocked mercaptosilanes herein, in that 

these partial hydrolyzates will be a side product of most methods of manufacture of the 

blocked mercaptosilane or can occur upon storage of the blocked raercaptosilane, especially 

10 In humid conditions. 

Tits siiane, illiquid, may be loaded on a carrier, such as a porous polymer, carbon 

black or silica so that it is in solid form for delivery to the rubber. In a preferred mode, the 

carrier would be part of the inorganic filler to be used in the rubber, 

15 .Manufacture of Silages 

The tneth; ;ds of preparation for blocked mercaptosilanes can involve esterificatioo of 
sulfur hi a sulfur-containing siiane and direct incorporation of the thioester group into a 
siiane, either by substitution of an appropriate leaving group or by addition across a carbon- 
carbon double bond illustrative examples of synthetic procedures for the preparation of 

20 thioester silaaes would include: Reaction 1) the reaction between a mercaptosilane and an 
acid anhydride corresponding to the thioester group present in the desired product; Reaction 
2} reaction of an alkali metal salt of a mercaptosilane with the appropriate acid anhydride or 

dhalide;Ri ; i3 - tasc cation tween \ < lane anc m ester, 
optionally using any appn > st such as an acid, base, tin compound, titanium 
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compound, n i seta! salt, or a salt of the acid corre - - Reaction 4) 

the transesterifkatbn between a ih ter s lane and another ester, optionally using any 

tppropri ueh as an at ass - coroponr.d. ntanium eonv> t i don metal 

salt, or a sa e acid <xr v^r*. ~i>o ^ , ■> 

5 between a 1 -siIa-2-thiacyelopentane or a 1 -sila~2~thiacydohexane and an ester, optionally 

using any appropriate catalyst such as an acid, base, tin compound, titanium compound, 

transition metal salt, or a salt of the acid corresponding to the ester; Reaction 6) the free 

radical addition of a thioacid across a eark>n<:afoon double bond of an alkene-funetional 

silane, catalyzed by UV light, heat, or the appropriate free radical initiator wherein, if the 

io thioacid is a thiocarboxy He acid, the two reagents are brought into contact with each other in 

such a way as to ensure that whichever reagent is added to the other is reacted substantially 

before the addition proceeds; and Reaction 7) the reaction between an alkali metal salt of a 

thioac d a ni i v uant 

Acid halxdes include, but are not limited to, in a^ sanicac 

I S inorganic acid halides, such as POT,, SOT 2 , SO,T,, COT,, CST,, PST, and PT» wherein T Is 

a haiide. Acid anhydrides, include, but are not limited to, in addition to organic acid 

u" tor analogs h inorganic „ ,^ , s - i ■> > - 

H 2 SjG 7 , CO,, COS, and CS 2 . 

IHustrative examples of synthetic prce^w e e a t - 

20 functional silanes would Include: Reaction 8) the reaction between a mercaptosilane and a 

earhoxylie acid anhydride corresponding to the thiocarboxylate group present in the desired 

proOae* leactk , it 

carboxyiic acid anhydride or acid haiide; Reaction 10) the trasses • >etween a 

riereaptosdane and a ^ \ or 
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acid, base, tin compound, titanium compound, transition metal salt, or a salt Of the asM 
.corresponding to the carboxyiate ester, Reaction 1.1) the transesterification between a 
tMocarboxylate-funtfional siiane and another ester, optionally using any appropriate catalyst 
such as an acid, base, tin compound, titanium compound, transition metal salt, or a sail of the 

5 acid corresponding to the other ester; Reaction 1 2) the transesterification between a 

* sia-2-tL.<; r e or a l-sila~2~thiacyclohexa sand a car <yl c ster prion i) 
using any appropriate catalyst such as an acid, base, tin compound, dtardum compound, 
transition metal salt or a salt of the acid corresponding to the carboxyiate ester; Reaction 13) 
the free radical addition of a tricarboxylic acid across a carbon-carbon double bond of an 

10 aikene-fnnctionai silane, catalyzed by UV light, heat, or the appropriate free radical initiator; 
and Reaction 1 4) the reaction between an alkali metal salt of a thiocarboxylic acid with a 
haloalkylsilane. 

Reactions 1 and 8 can be carried out by distilling a mixture of the mercaptosilane and 
the acid anhydride and optionally a solvent. Appropriate boiling temperatures of the mixture 

15 are in the range of 60 to 200 °C; preferably 70 to 1 70 °C; optionally 50 to 250 °C. litis 
process leads to a chemical reaction in which the mercapto group of the mercarrtosilane is 
estferified to the thioester silane analog with release of an equivalent of the corresponding 
acid. The acid typically is more volatile than the acid anhydride. The reaction is driven by 
the removal of the more volatile acid by distillation. For the more volatile acid anhydrides, 

20 such as acetic anhydride, the distillation preferably is carried out at ambient pressure to reach 
temperatures sufficient to drive the reaction toward completion. For less volatile materials, 
solvents, such as toluene, xylene, giyme, and diglyme could be used with the process to limit 
temperature. Alternatively, the process could be run at reduced pressure. It would be useful 
to use up to a two-fold excess or more of the acid anhydride which would be distilled out of 
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the mixture after ail of the more volatile reaction ucpspducts, consisting of acids and non- 

siiane esters, have been distilled out This excess of acid anhydride would serve to drive the 

reaction to completion, as well as to help drive the eoproducts out of the reaction mixture. At 

the completion of the reaction, distillation should be continued to drive out the remaining acid 

5 anhydride. The product optionally could be distllied. 

Reactions 2 and 9 can be carried out in two steps. The first step would involve 

conversion of the mercaptosilane to a corresponding metal derivative. Alkali metal 

derivatives, especially sodium or also potassium and lithium, are preferable. The metal 

derivative would be prepared by adding the alkali metal or a strong base derived from the 

I0 alkali metal to the mercaptosilane* The reaction would occur at ambient temperature. 
Appropriate bases would include alkali metal alkoxides, amides, hydrides, mereaptides. 
Alkali metal organometaliic reagents would also be effective. Grignard reagents would yield 
magnesium derivatives which would be another alternative. Solvents, such as toluene, 
xylene, benzene, aliphatic hydrocarbons, ethers, and alcohols could be used to prepare the 

I 5 alkali metal derivatives. Once the alkali metal derivative is prepared, any alcohol present 
would need to be removed. This could be done by distillation or evaporation. Alcohols such 
as methanol, ethanol, propanol, isopropanoL butanol, isobutanoL and t-butanoi may be 
removed by azeotropic distillation with benzene, toluene, xylene, or aliphatic hydrocarbons. 
Toluene and xylene are preferable: toluene is most preferable. The second step in the overall 

20 process would be to add to tins solution, with 1 . < - tuhydritie at 

temperatures between -20 °C and the boiling pomt oftht mi sture pre peratures 
between 0 *C and ambient temperature. The product would be isolated by removing the salt 
and solvent. It conic be purified by distillation. 
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Reactions 3 and 1 0 could he carried out by distilling a mixture of the meteaptosi lane 

and the ester and optionally -a solvent and/or a catalyst Appropriate -boiling temperatures of 

the mixture would be above 100 °C. This process leads to a chemical reaction ra which the 

mercaps g.r up of the mercaptosi lane is esteriSed to the thioester silane analog with release 

5 of an equivalent of the corresponding alcohol. The reaction is driven by the removal of the 
alcohol by distillation, either as the more volatile species, or as an azeotrope with the ester. 
For the more volatile esters the distillation is suitably carried out at ambient pressure to reach 
temperatures sufficient to drive the reaction toward completion. For less volatile esters, 
solvents, such as toluene, xylene, giyme, and diglyme could be used with the process to limit 

10 temperature. Alternatively, the process could be run at reduced pressure. It is useful to use 
up to a two-fold excess or more of the ester, which would be distilled out of the mixture alter 
all of the alcohol coproduct has been distilled out This excess ester would serve to drive the 
reaction to completion as well as to help drive the coproduct alcohol out of the reaction 
mixture . At. the completion of the reaction, distill ation would, be continued to drive out the 

IS remaining ester. The product optionally could be distilled. 

Reactions 4 and 1 1 could be carried out by d 1 \r i > o f i ^ * 
and the other ester and optionally a solvent and/or a catalyst. Appropriate boiling 
temperatures of the mixture would be above 80 °C; preferably abo ve 100 °C. The 
temperature would preferably not exceed 250 °C. This process leads to a chemical reaction in 

20 which the thioester group of the thioester silane is transesierifed to a new thioester silane 
with release of an equivalent of a new ester. The new thioester silane generally would be the 
least volatile species present; however, the new ester would be more volatile than the other 
reactants. The reaction would be driven by the removal of the new ester by distillation. The 
distillation can be carried out at ambient pressure to reach temperatures sufficient to drive the 
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reaction toward completion. For systems containing only less voia . tteri ds, solvents. 

such as token - ■ .. ilgl> me could be used with the process to limit 

temperature. Alternatively, the process could be run at reduced pressure, it would be useful 

to use up to a two-fold excess or more of the other ester, wh ch wouh iistiiu ; le 

5 mixture after ail of the- new ester eoproduet has been distilled out f his excess met evtor 

would serve to drive the reaction to completion as well as to help drive the eoprodaet other 

ester out ©ftfoe reaction mixture. At the completion of the - « - would he 

continued to drive out the remaining said new ester. The product optionally then could he 

distilled. 

10 Reactions 5 and 12 could be carried out by heating a mixture of the l-sila-2- 

thiaeyclopentane or the i-sila-2-thiacyciohexane and fee ester wife the catalyst. Optionally, 
the mixture could be heated or refkxed with a solvent preferably a solvent whose boiling 
point matches the desired temperature. Optionally a solvent of higher boiling point than the 
desired reaction temperature can be used at reduced pressure, the pressure being adjusted to 

i 5 bring the boiling point down to the desired reaction temperature. The temperature of the 
mixture would be in the range of 80 to 250 °C; preferably HK) to 200 V Solvents, such as 
toluene, xylene, aliphatic hydrocarbons, and diglyme could be used with the process to adjust 
the temperature. Alternatively, the process could be run under reflux at reduced pressure, 
e most pre rable c ndition is u teat a mixture of fee I sih>2 i m >rthe - 

20 stta-2-t i 5 - cane and fee ester, without s 

erioi ; \ e 120 to 170 C C ush s t - dum, o- 

ithiuo 5 t catalyst Fhe process eadst 

chemical reaction in which the sulfur-silicon bond of the ! -siia~2-thiacycIopentane or the 1- 
sila~2~thiacyclohexane is transesteritkd by addition of the ester across said suilur-sihcon 



wo tttmmim 

bond. 7h&-p£ot$wt ts ; #e'^destar sUane 'dialog of the original i-sila~2-thiacyciopenta;/. • 
the I-si!a-2-tb hexa Jtio I ip to a two-fold excess or more of the ester would 
be used to drive the reaction toward completion. At the completion of the reaction, the excess 
ester can be removed by distillation. The product optionally could be pin 1 fled 1- * ; 
5 Reactions 6 and 1 3 can be carried out by heating or relluxing a mixture of the aikene- 

aeid Aspects of Re ction 13 have been d 
US Patent No. 3,692,812 and by G.A. Goraowicz et al. In J. Org. Chem. (1968), 33(7), 2918- 
24. The uncatalysed reaction can occur at temperatures as low as 1 05 °C1 but often fails. The 
probability of success increases with temperature and becomes high when the temperature 

SO exceeds 160 °C. The reaction may be made reliable and the reac^ r_ - 

completion by using UV radiation or a catalyst. With a catalyst the reaction can be made to 
occur at temperatures below 90 °C. Appropriate catalysts are free radical initiators, e.g., 
peroxides, preferably organic peroxides, and azo compounds. Examples of peroxide initiators 
include peracids, such as perhenzoic and peracetie acids; esters of peraclds; hydroperoxides, 

is such as t-botyi hydroperoxide; peroxides, such as di-t-butyi peroxide; and peroxy-acetals and 
ketats, such as !J-bis(t-butylperoxy)cyclohexane, or any other peroxide. Examples of azo 
initiators include azobisLsohutyronitrile (AIBN); 1,1'- azobis(cyciohexanecarbonitriie) 
(VAZO; DuPont product); and azo-tert-butane. The reaction can be run by heating a mixture 
I ■ 1 ' x ne and thioack a< ! ^ abk for the 

20 overall reaction to be run on an equimolar or near equimoiar basis to get the highest 
conversions, The reaction is sufficiently exothermic that it tends to lead to a rapid 
temperature increase to reflux followed by a vigorous reflux as the reaction Initiates and 
continues rapidly. This vigorous reaction can lead and hazardous boilov-- f> large* 
quantities. Side reactions, contamination and loss in yield can result as well from 
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uncontrolled reactions. Ihe reaction can be controlled effective!) hv ad s inanities 

of one reagent to the reaction mixture, initiating the react) or- - ith th dlowing the 

reaction to run its course largely to completion, and then adding the smarts of the reagent, 

either as a single addition or as multiple additives. The in - and rate of 

5 addition and number of subsequent additions of the deficient reagent depend on the type and 

amount of catalyst used, the scale of the reaction, the nature of the starting materials, and the 

e heat. A second v. tyol > 

would invol ve the continuous addition of one reagent to the other with concomitant 

continuous addition of catalyst. Whether continuous or sequential addition is used, the 

59 catalyst can be added alone and/or pre-biended with one or both reagents, or combinations 

thereof Two methods are preferred ibr reactions involving chioiaeetic acid and aikene- 

functional silanes containing terminal carbon-carbon double bonds. The first involves 

initially bringing the alkene-functional sliane to a temperature of 160 to I SOX, or to reflux, 

whichever temperature is lower. The first portion of thioiao « cid s add-; -< ate as o 

15 maintain up to a vigorous, but controlled reflux. For aikene ctiom i ith hoi ling 

t 1 120 -C t lux results ir e t j r j joiiing point of 

ihiolacetic acid (88 to 92 °C, depending on purity) relative to the te an 

~:e. At the completion of the addition, the reflux rate rapidly subsides. It often 

accelerates again within several minutes, especially If an alkene-functional siiane with a 

20 boiling point above 120 C C is used, as the reaction initiates. If it does not Initiate within 10 to 

15 minutes, initiation can be brouf - abou cauiU " is 

dc e ppropi - m x u s v. i > n~ s om t fron 5 

to i percent of the total mass of mixture to which the catalyst is added. The react on typic . 

tes as evidenced by an increa in i i 
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temperature $ i - iereases as the reaction proceeds. When the next portion of 

feted, and the aforementioned segues [ sated. The 

preferred number of thiokcetic additions for total reaction quantities of about one to about 

four kilograms is two, with about one third of the total thioiacetic acid used in the first 

5 addition • d n the second. For t f about four to ten 

kilograms, a total of three thioiacetic additions is preferred, the distribution being 
approximately 20 perecent of the total used in the first addition, approximately 30 percent in 
the second addition, and the remainder in the third addition. For larger scales Involving 
\ene-runctional silaaes, it Is preferable to use m n than a tot 

50 thioiacetic additions and more preferably, to add the reagents in the reverse order. Initially, 
the total quantity of thioiacetic acid is brought to reflux. This is followed by continuous 
addition of the alkene-mnctional silane to the thioiacetic acid at such a rate as to bring about a 
smooth but vigorous reaction rate. The catalyst, preferably di-t-btrtyiperoxide, saa be added 
tag the course of the reaction or as a continuous flow, it is best to 

IS accelerate the rate of catalyst addition as the reaction proceeds to completion to obtain the 
highest yields of product for the lowest amount of catalyst required. The total quantity of 
catalyst, used should be 0.5 to 2 percent of the total mass of reagents used. Whichever 
method is used, the reaction is followed up by a vacuum stripping process to remove volatiles 
and unreached thioiacetic acid and silane. The product may be purified by distillation. 

20 Methods to run Reactions 7 and 14 can be carried out in two steps. The first step 

involves preparation of a salt of the thioacid. Alkali metal derivatives are preferred, with the 
sodium derivative being most preferred. These salts would be prepared as solutions in 
c "Uveitis t )ly soluble, but sus tensions of the salts as solids in 

solvents in which the salts are only slightly soluble arc also a viable option. Alcohols, such 
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as propaaol, isopropanoi, butaaoi, isobalanQi, and t-butanoL and or - i ethaao.1 and 

ethanoi are useful because the alkali metal salts are slightly soluble in them. In eases where 

the d« sired sues, tt ts preferable to use an alcob iding to the 

silane aikoxy group to prevent traosesterification at the silicon ester, Alternatively, sonprotic 

5 solvents cm be used Examples of appropriate solvents are ethers or polyethers such as 

giyme, diglyme, and dioxanes; N,N , -dimethylfbrmamide; N,N'-dime%1aeetamkie; ■ 

eUmethylsullbxide; N-methylpyrroiidir.one; or hexamethylphosphorsmide. Once a solution, 

suspension, or combination thereof of the salt of the thioacid has been prepared, the second 

step is to react it. with the appropriate haloalkylsilane. Ibis ma> v. - , - 

! 0 a mixture of the haloaikylsilaae with the solution, suspension, or combination thereof of the 
salt of the thioacid at temperatures corresponding to the liquid range of the solvent for a 
period of time sufficient to complete substantially the reaction. Preferable temperatures are 
those at which the salt is appreciably soluble in the solvent and at which the reaction proceeds 
at an acceptable rate without excessive side reactions. With reactions starting Irons 

5 5 isthuvs to which the chlorine atom is not aliyltc or benzylic, preferable 

temperatures are in the range of 60 to 160 *C. Reaction times can range from oae or several 
hours to several days. For alcohol solvents where the alcohol contains four carbon atoms or 
fewer, the most preferred temperature is at or near reflux. Using diglyme as a solvent, the 
most preferred temperature is in the range of 70 to 120 °C, depend j doacid salt 

20 sed \t s N kylsilane or a chioroaikylsilane in whkh the chlorine 

atom is ailyiic > be eiaiive to 

ie or nonaliyiic chh 

reactivity of the bromo group, Bromoalkylsilanes are preferred over chioroalkylsilanes 
because of their greater reactivity, lower temperatures required, and greater ease in filtration 
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orcenfrifii§ - coproduct alkali metal halide. Thi pre : ver t caabe 

ovemddea by the lower cost of the k 1 - p - ,! ! < r conta 

halogen in the aUylic or benzyfie position. For reactions between straight chain 
chloroalkylethoxysHanes and sodium thiocarboxylates to form thiocarboxykte ester 

5 ethoxysiianes, it is preferable to use ethanol at reflux for 10 to 20 hours if 5 to 20 % 
mercaptosiiane is acceptable in the product. Otherwise, diglyme would he an excellent 
choice, in which theieaction would be preferably run in the range of 80 to 1 20 °C for one to 
three hours. Upon completion of the reaction, the salts and solvent should he removed and 
the product may he distilled to achieve higher purity. 

10 If the salt of the thioacid to be used In Reactions 7 and 1 4 is not commercially 

available, its preparation may be accomplished by one of two methods, described below as 
Method A and Method B. Method A Involves adding the alkali metal or a base derived from 
the alkali metal to the thioacid. The reaction occurs at ambient temperature. Appropriate 
bases inc ale ail* metal alkoxides, hydrides, carbonate, and bicarbonate. Solvents, such as 

IS toluene, xylene, benzene, aliphatic hydrocarbons, ethers, and alcohols may be used to prepare 
the alkali .metal derivatives. In Method 8, acid chlorides or acid anhydrides would be 
converted directly to the salt of the thioacid by reaction with the kali m 0 - * ~ 
hydrosulfide, Hydrated or partially hydrous alkali metal sulfides or hydrosulfkies are 
available, however, anhydrous or nearly anhydrous alkali metal sulfides or hydn a i 

20 preferred. Hydrous materials can be used, however, but with loss in yield and hydrogen 

sulfide formation as a co-product. The reaction involves addition of the acid chloride or acid 
anhydride to the solution or suspension of the alkali metal sulfide and/or hydrosulfide and 
heating at tor pi iturt rangk g from ambient to the reflux temperature of the solvent for a 
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period of time sufficient to largely complete the reaction, as evidenced by the formation of 
the co-product salts. 

If the alkali metal salt of the thioacid is prepared in such a way such that an alcohol is 
present, either because it was used as a solvent, or because It formed, as for example, by the 
reaction of a thioacid with an alkali metal alkoxide, it may be desirable to remove the alcohol 
if a product, low in mercaptosilane is desired. In this case, it would be necessary to remove 
the alcohol prior to reaction of the salt of the thioacid with the haloalkylsilarie. This could be 
done v i dilation or evaporation. Alcohols such as methanol, ethanol, proposal, 
isopropanol, butanol, isobutanol, and t-bulanol are preferably removed by azeotropic 
distillation with benzene, toluene, xylene, or aliphatic hydrocarbons. Toluene and xylene are 
preferable. 
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The blocked mercaptosilanes described herein are useful as coupling agents for 
organic polymers (i.e., rubbers) and inorganic fillers. The blocked mercaptosilanes are 
unique in that the high efficiency of the mercapto group can be utilized without the 
detrirm i side effects v. c s ssociated with the use of mercaptosilanes, such as high 
processing viscosity, less than desirable filler dispersion, premature curing (scorch), and odor. 
These benefits are accomplished because the mereaptan group initially is non-reactive 
because of the blocking group. The blocking group substantially prevents the silane from 
coupling to the organic polymer during the compounding of the rubber. Generally , only the 
reaction of the silane -SIX, group whh. the filler can occur at this stage of the compounding 
process fhus, substantial coupling of tbe filter to the polymer is pr , i owdn 

thereby minimizing fee undesirable premature curing (scorch) and the associated undesirable 
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increase m viscosity. One can achieve better cured filled rubber proper. - • sabalant 

of high modulus and abrasion resistance, beeatise of the avoidance of premature curing. 

In use, one or more of the blocked mercaptosiianes are mixed with the organic 

polymer before, during or after the compounding of the fille siymer It is 

5 -I e err j <m^ before % r durim the eompoundin * rg&uic 

polymer, because :fo se - lane facilitate and improve the dispersion of the filler. The total 
amount of silane present in the resulting combination should be about 0.05 to about 25 parts 
by weight per hundred parts by weight of organic polymer (phr); more preferably 1 to 10 phi. 
Fillers can be used in quantities ranging from about 5 to about 100 phr, more preferably from 

10 25 to 80 phr. 

When reaction of the mixture to couple the filler to the polymer is desired, a 
deblocking agent is added to the mixture to deblock the blocked mercaptosiiane. The 
deblocking agent may be added at quantities ranging from about 0.1 to about 5 phr; more 
preferably in the range of from 0.5 to 3 phr. if alcohol or water are present (as is common) in 

15 the mixture, a catalyst (e.g., tertiary amines, Lewis acids or thiols) may be used to initiate and 
promote the loss of the blocking group by hydrolysis or aicoholysts to liberate the 
corresponding mercaptosiiane. Alternatively, the deblocking agent may be a nucleophile 
containit o ;en atom sufficiently labile such that hydrogen atom could be transferred 

to the site of the ori ginal blocking group to form the mercaptosiiane. Thus, with a blocking 

20 group acceptor molecule, an exchange of hydrogen from the nucleophile would occur with 
the blocking group of the blocked mercaptosiiane to form die mercaptosiiane and die 
corresponding derivative of the nucleophile containing the original blocking group. This 

tt 1 ggr up from the silane o the nucieoph coul o< riv 1 for exan c 
by a greater thermodynamic stability of the products (mercaptosiiane and nucleophile 
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containing the blocking group) relative to the initial reaetants (blocked mereaptossiane and 

naeleophile). For example, if the nucleophile were m .amine containing an N~H bond, 

transfer of the blocking group from the blocked mercaptosilaae would yield the 

mercaptosilaae and one of several classes of annuls eft ^ biockin 

5 group used. For example, carboxyl blocking groups deblocked by amines would yield 

amides, sulfonyl blocking groups deblocked by amines would yield sulfonamides, suifmyl 

i| s deblocked by amines would yield ? ag groups 

deblocked by amines would yield phosphonarnides, phosphinyi blocking groups deblocked 

by amines would yield phospliinamides. What is important is u . . * 

10 roup o ! a present on the blocked mercaptosilaae and regardless of the deblocking agent 
used, the initially substantially inactive (from the standpoint of coupling to the organic 
polymer) blocked mercaptosilane is substantially converted at the desired point in the rubber 
compounding procedure to the active mercaptosilaae. It is noted that partial amounts of the 
nucleophiie may be used (he., a stoichiometric deficiency) , if one were to only deblock part 

i s of the blocked mercaptosilaae to control the degree of vulcanization of a specific formulation. 
Water typically is present on die inorganic filler as a hydrate, or bound to a filler in 
the form of a hydroxy! group. The deblocking agent could be added in the curative package 
or, alternatively* at any other stage, in the compounding process as a single component. 
Examples of nueleophiles would include any primary or secondary amines, or amines 

20 containing ON double bonds , such as imines or guantcir. s 

contains at least one N-H (nitrogen-hydrogen) bond. Numerous specific examples of 
guanidines, amines, and imines well known m the art which are useful as components in 
curatives tor rubber, are cited in Rubber Chemicals ; J. Van Alphea: Plastics and Rubber 
Research Institute TNO, Delft, Holland; 1 9' v 5 S< i ies include 
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\ N -d phen N M\\ T, '~trmhenylguamdme, N N'~di~or,ho~ioh guasidine, ortho- 

c > clohexyleth} lamtre, dibutyiaminc , and 

4 5 4 , -diaminodIphenylmethane. Any general acid s s $ such as 

Bronsied or Lewis acids, could be used as catalysts. 

5 The rubber composition need riot be, but preferably is, essentially free of 

functioaaiized siloxanes. especially those of the type disclosed is Australian Patent 
AU-A- 1 0082/97, which Is incorporated herein by reference. Most preferably the rubber 
composition is free of functlonaJized sHoxanes. 

In practice, sulfur vulcanized rubber products typically are prepared by 

10 thennomechanicaily mixing rubber and various ingredients in a sequentially step-wise 
manner followed by shaping and curing the compounded rubber to form a vulcanised 
product, First, tor the aforesaid mixing of the rubber and various ingredients, typically 
exclusive of sulfur and sulfur vulcanization accelerators (collectively " curing agents" % the 
rubberfs) and various rubber compounding ingredients typically fire blended in at least one, 

is and often (In the case of silica filled low rolling resistance tires) two, preparatory 

thes ion v mi nh g stage(s) in at&hle mixers. Such preparatory mixing is referred to 
as nonproductive mixing or non-productive mixing steps or stages. Such preparatory mixing 
usually is conducted at temperatures up to 140 °C to 200 °C and often up to 150 *C to 180 °C. 
Subsequent to such preparatory mix stages, in a final mixing stage, sometimes referred to as a 

20 productive mix stage, deblocking agent (in the case of this invention), curing agents, and 
possibly one or more additional ingredients, are mixed with the rubber compound or 
composition, typically at a temperature in a range of 50 *C to BO T, which is a lower 
temperature than the temperatures utilized in the preparatory mix stages to prevent or retard 
premature curing of the sulfur curable rubber, which is sometimes referred to as scorching of 
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is rubber omposit n fheru e, sometimes referred to as a rubber compound - 

composition, typically is allowed to eooI ; sometimes after or during a process intermediate 
mill mixing, between the aforesaid various mixing steps, for example, to a temperature of 
ibout 5 r iowe Vhen it is desired to mold and to cure the rubber, the rubber is placed 
3 st about at least 1 30 «C and up to about 200 *C which will cause 

the vulcanization of the rubber by the mercapto groups on the meteaptosuane an d. any other 
free sulfur sources in the rubber mixture. 

By thermomechanical mixing, it is meant that the rubber compound, or composition 
n^wr < - - * „ s hrwiur^ber m .w .... ^ ^ 

10 conditions where it autogeneously 'heats up as a result of tb mixing jrimai : due to shear 
and associated friction within the rubber mixture in the rubber mixer. Several chemical 
reactions may occur at various steps in the mixing and curing processes. 

The first reaction is a relatively fast reaction and is considered herein to take place 
between the filler and the SIX, group of the blocked mercaptosilane. Such reaction may occur 
? 5 o - c » temperature such as, for example, at about 1 20 V C, The second and third 

reactions are considered herein to be the deblocking of t he mercaptosilane and she reaction 
which takes place between the sulfuric part, of the organosOane (after deblocking), and the 
sulfas v?:?cr at a higher temperature; for example, above about 1 40 °C. 

Another sulfur source may be used, for example, in the form of elemental sulfur as S». 
20 A sulfur donor is considered herein as a sulfur containing compound which liberates free, or 
• - . . Hire in a range of 140 € : ' 

for example, although are not limited to, poly sulfide vulcanization accelerators and 
organosiiant pop sulfides with at least two connecting sulfur atoms in its poiysuifkte bridge. 
The amount of free sulfur source addition to the mixture can be controlled or manipulated as 
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'-^opendently from the atkiit i e-i - d blocked 

roereaptosilane. Thus, for t x le independent addition of a sulfur source may be 

>} the amount of addition thereof and by sequence of addition relative to 

addition of other ingredients to the robber mixture. 

5 Addition of an alkyl silaneto ±e ip>5. ge.tw-t.: . iilaneplac 

T % m < tion accelerator) typically in a mole ratio of 

alkyl siiane to blocked mercaptosiJane in a range of 1/50 to U2 promotes an even better 

control of robber composition processing and aging. 

A rubber composition is prepared by a process which comprises the sequential steps 

to of: 

(A) •thennomeehanicaliy mixing, in at least one preparatory mixing step, to a temperature 
of 140 °C to 200 °C, alternatively to 140 °C to 1 90 °t\ for a total mixing time of 2 to 20, 
alternatively 4 to 1 5, minutes for such mixing step(s) 

(I) 100 parts by weight of at least one sulfur vulcanizabie rubber selected from conjugated 
IS diene homopolymers and copolymers, and copolymers of at least one conjugated diene and 
aromatic vinyl compound, (ii) 5 to 1 00, preferably 25 to 80, phr (parts per hundred rubber) of 
particulate filler, wherein preferably the filler contains I to 85 weight percent carbon black 
(hi) 0.05 to 20 parts by weight filler of at least, one blocked mercaptosilane; 

t herewith, in a final ie schanh g step at a 

20 temperature to 50 °C to 1 30 °C for a time sufficient to blend the rubber, preferably between I 
to 30 minutes, more preferably I to 3 minutes, at least one deblocking agent at about 0.05 to 

- i ! e m l curl ig agent, at phr; and op 
{€} , ? \ture at a temperature of 130 to 200 °C for about 5 to 60 minutes. 

The process may also comprise the additional steps of preparing an assembly of a tire 
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or sulfur vulcanizable rubber with a tcead comprised of the rubber composition prepared 

according to this invention and vulcanizing the assembly at a temperature in a range of 1 30 °C 

to 200 °C. 

Suitable organic polymers and fillers are well known in the ail and are described in 
numerous texts, of which two examples include The Vanderbtlt Rubber Handbook ; R.F. 
Ohm, e&; R.T. Vanderbilt Company. Inc., NcrwalL CT; 1 990 and - I ; IbeSnhber 

1 soy; T. Kempetmaam S. Koch, J. Sumner, eds.; Bayer AG, Leverkusen, Germany; 1993. 
Representative examples of suitable polymers include solution styrene-butadiene rubber 
(SSBR), styrene-butadiene rubber (SBR), natural rubber (MR), poiybutadiene (BR), ethyleae- 
propylene eo~ and ter~ polymers (EP, EPDM), and acryiomttite-butadiene rubber (NBR), The 
rubber composition is comprised of at least one diene-based elastomer, or rubber.. Suitable 
conjugated dieses are Isoprene and 1,3 -butadiene and suitable vinyl arc ;. . „ \ ,< - 
styrene and alpha methyl styrene. Thus, the rubber is a sulfur curable rubber. Such dlene 
based elastomer, or rubber, may be selected, for example, from at least one ofcis- 
1 ,4-po.iyisoprene rubber (natural and/or synthetic), and preferably natural rubber), emulsion 

nerixadon > ed rene/butadiene copolymer rubber, organic solution 
poiymerisatk 5 et tyiene/butadiene rubber, 3, 4-polyisoprene rubber, 
isoprene/butadiene rubber, styrene/isoprene/'bntadiene ierpoiymer rubber, 
els- 1 ,4-poiybutadiene, medium vinyl poiybutadiene rubber (35-50 percent vinyl), high vinyl 
poiybutadiene rubber (50-75 percent vinyl), slyrene/isoprene copolymers, emulsion 
polymerization prepared styrene/butadiene/acryionitrile ierpoiymer rubber and 
bntadiene/acrylonitrile copolymer rubber. An emulsion polymerization derived 
styrene/butadiene (E-SBR) might be used having a reladvely conventional .styrene content of 
20 to 28 percent hound styrene or, for some applications, an E-S1R haying a medium to 



WO 9989036 FCT/US9M739J 
relatively high bound styrene content, namely, a bound styrene content of 30 to 45 percent 

jpared st>'rene/fe!itadiene/acr)'!onitn] 

containing 2 to 40 weight percent bcsxnd acrylomtrite in the terpolymer are also contemplated 

dien xasss ubbei c se in 

5 The solution polymerization prepared SBR (S-SBR) typically has a bound styrene 

content in a range of 5 to 50, preferably 9 to 36, percent. Polybutadiene elastomer may fee 

conveniently characterized, for example, by having at least a 90 weight percent 

cis~L4-eonteni 

Representative examples of suitable filler materials include include metal oxides, such 
i o as silica (pyrogenic and precipitated), titanium dioxide, aluminosilicate and alumina, siliceous 
materials including clays and talc, and carbon black. Particulate, precipitated silica is also 
sometimes used for such purpose, particularly when the silica is used in connection with a 
silane. In some cases, a combination of silica and carbon black is utilized for reinforcing 
fillers. for various rubber products, including treads for tires. Alumina can be used either 
15 alone or in combination with silica. The term " alumina" can be described herein as 
aluminum oxide, or Ab.CX. The fillers may be hydrated or in anhydrous form. Use of 
alumina in rubber compositions can be shown, for example, in US Patent No. 5,1 16,886 and 
BP 6*1 982. 

The blocked raercaptosilane may be premised, or pre~reaeted, with the tiller particles 
20 or added to the rubber mix during the rubber and filler processing, or mixing stage. If the 
siiane and filler are added separately to the rubber mix i.e.? ~ r the rubbe « d Si e? n * N ng or 
processing stage, it is considered that the blocked mercaptosilane then combines in situ with 
the filler. 

The vulcanii * ! stain a su scion nn m of filler to 
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contribute a reasonably high modulus and high resistance to tear. The combined weight of the 
filler may be as low as about 5 to 100 phr, to is more preferably from 25 to 85 phr. 

Precipitated silicas are preferred as the filler. The silica may be characterized by 
having a BET surface area, as measured using mitogen gas. preferably in the range of 40 to 
5 600, and more usually in a range of 50 to 300 m 2 /g. The BET method of measuring surface 
area is described in the Journa l of the American Chemical Society , Volume 60, page 304 
(1.930). The silica typically may also be characterized by having a dibutyiphthalate (DBF) 
absorption value in a range of 100 to 350, and more usually 150 to 300. Further, the silica, as 
well as the aforesaid alumina and aluminosilicate, may be expected to have a CTA8 surface 
10 area is a range of 100 to 220, The CTAB surface area is the external surface area as 

evaluated by cetyl trimethylammoaium bromide with a pH of 9, The method is described in 
ASTM D 3849. 

Mercury porosity surface area is the specific surface area determined by mercury 
porosimetfy. For such technique, mercury is penetrated into the pores of the sample after a 

\ s thermal treatment to remove volatile*. Set up conditions may be suitably described as using a 
100 mg sample emcn T t vo a, ies during 2 hours at 105 °C and amhient atmospheric 
pressure; ambient to 2000 bars pressure measuring range. Such evaluation may be performed 
according to the method described in Winsiow, Shapiro in ASTM bulletin, p.39 (1959) or 
according to DIN 661 33. For such an evaluation, a CARLO-ERBA Forosimeter 2000 might 

20 be used. The avera i c a a a ea ? a sh be in a 

range of 100 to 300 mVg. 

A suitable pore size distribution for mc s 
to such me * ssity evaluation is considered herein to be; 

ive percent or less of its pores have a diameter of less than about 1 0 nm; 60 to 00 percent of 



] a etet of 10 to 100 nm; 10 to 30 percent of its * eter at 1 00 

to 1,000 um; and 5 to 20 percent of its pores have a diameter of greater than about 1,000 am. 

The silica might be expected to have an average ultimate particle size, for example, in 
the range of 0.0 1 to 0.05 urn as determined by the electron microscope, although the silica 

5 particles may be even smaller, or possibly larger, in size. Various eotnm, i N d.-r*.o 
silicas may be considered for use in this invention such as, from PPG Industries trader the 
HI-SIL trademark with designations HI-SIL 210, 243, etc; silicas available from 
Rhone-Poulene, with, for example, designation of ZEOSIL 1 165MP; silicas available from 
Degessa with, for example, designations VN2 and VN3, etc. and silicas commercially 

10 available from Huber having, for example, a designation of HUBERSIL 8745. 

Where it is desired for the rubber composition, which contains both a siliceous filler 
such as silica, alumina and/or aiummosilicates and also carbon black reinforcing pigments, to 
be primarily reinforced with silica as the reinforcing pigment it is often preferable that the 
weight ratio of such siliceous fillers to carbon black Is at least 3/1 and preferably at least 1 0/1 

15 and, thus, in a range of 3/1 to 30/1 . The tiller may be comprised of 1 5 to 95 weight percent 
precipitated silica, alumina and/or aluminosilicate and, correspondingly 5 to 85 weight 
percent carbon black, wherein the said carbon black has a CTAB value in a range of SO to 
1.50, Alternatively, the filler can be comprised of 60 to 95 weight percent of said silica, 
alumina and/or aluminosilicate and, correspondingly, 40 to 5 weight percent carbon black. 

20 The siliceous filler and carbon black may be pre-blended or blended together in the 
manufacture of the vulcanized rubber. 

The rubber composition may be compounded by methods known in the rubber 
compounding ait, such as mixing the various sulfur-vulcanizable constituent rubbers with 
various commonly used additive materials such as. for example, curing aids, such as sulfur. 
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activators, retarders and accelerators, processing additives, such as oils, resins including 

taeMfying resins, silicas, plastkizers, fillers, pigments, fatty acid, zinc oxide, waxes, 

snants peptizing agents, and ran ichas, i 

example, carbon black. Depending on the intended use of the sulfur vukamzabie and sulfur 

5 vulcanized material (rubbers), the additives mentioned above are selected and commonly 

used in conventional amounts. 

The vulcanization may be conducted in the presence of an additional sulfur 

ampies of suitable sulfur vulcanizing agents Include, for example 

elemental sulfur (free sulfur) or sulfur donating vulcanizing agents, for example, an. amino 

\ 0 disulfide, polymeric poiysulfide or sulfur olefin adducts which are conventionally added in 

the final, productive, rubber composition mixing step. The sulfur vulcanizing agents (which 

are common in the art) are used, or added in the productive mixing stage, in an amount 

"• ■ kg from 0.4 to 3 phr, or even, in some circumstances, up to about 8 phr, with a range of 

from 1 .5 to 2.5 phr, sometimes from 2 to 2.5 phr, being preferred. 

ts Vulcanization accelerators, he,, additional sulfur donors, may be used herein. It is 

t " ,3* ^ t r example, of the type such as, for example, benzothiazok, 

alky! thiuram disulfide, guanidine derivatives and thioearbamates. Representative of such 

accelerators are, for example, hut not limited to, mereapto benzothiazok , tetrametb d tl lunai - 

disulfide, banzothiazoie disulfide, dsphenylguamdine, zinc di&iocarbamate, 

20 alkylphenoldisulfide, zinc butyl xasthate, N-dkyclohexyi--2-benzomiai j .oksulfenaniide, 

H-cyciohex> £ « dazoksulfenamide, N-oxydieihyieneb >t ■> , 

\ \ ^ ^ i i ^ -< vt ^mide, 

N s N~diisopropylbenzoduozok~2-sulfenamMe, zinc-2-mercaptotol uimidazole, 
dithiobisiN- ethyl piperazini; ti < dro> e >ip< % 
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<^MobM0smw^ &®m% Other additional sulfur donors, may be, for example, thiuraro and 

morphohne d % entative of such donors are, for example, but not limited to, 

diraorphoilne disulfide, dimorpholme ietrasuirlde, tetnsnethyl thiuram tetrasulfide, 

beuzoti i -2,N~d » ^de, tliioplasts, dipentamen s r s Ifide ana 

5 disd&decaprolattam. 

Accelerators are used to control the time and/or temperature required for vui'canizatloa 

arid to Improve the properties of the vtdcanizate. lit one embodiment, a single accelerator 

system may be used, i.e.., a primary accelerator. Conventionally and preferably, a primary 

accelerators) is used In total amounts ranging from 0.5 to 4, preferably 0.8 to 1,5, par. 

l o ' ^ and a secondary accelerator mi ght be used with the secondary 

accelerator being used In smaller amounts (of 0,05 to 3 phr) in order to activate and to 
improve the properties of the vuicanizate. Delayed action accelerators may be used. 
Vulcanization retarders might also be used. Suitable types of accelerators are amines, 
disulfides, guanidines. thioureas, thiazoles, thiurams, snlfenamides, dithloearbamates and 

IS xanihates. Preferably, the primary accelerator is a sulfanamide. If a second accelerator is 
used, the secondary accelerator is preferably a guanidine, dithiocarbamate or thiuram 
compound. 

■ ; ... ; .:o - .^kiOer resins, if used, comprise 0.5 to 10 phr, usually I to 5 phr. 
Typical amounts of processing aids compri se 1 to 50 phr. Such processing aids can include, 
20 for example, aromatic, napthenic, and/or paraffinic processing oils. Typical amounts of 

antioxidants comprise 1 to 5 phr. Representative antioxidants may be, for example, diphenyi- 
p-phenylenediarnme and others, such as, for example, those disclosed in the Vand erbilt 

g<.-> w*-Ho 1) tul aroui s r e t 5 

phr. Typical amounts of fatty acids, if used, which can include stearic acid, comprise 0.5 to 3 
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phn Typical amounts of zinc oxide comprise 2 to S phr. Typical amounts of waxes comprise 
! toSphr. Often mierocrystalline waxes are used. Typical amounts d pepti on, >rnprise 
0,! to i phr. Typical peptizers may be, for example, peaiacMomtMpphenol and 
dibenzamidodiplienyl disulfide. 
5 The rubber composition of this invention can be used for various purposes. For 

example, it can be used for various tire compounds. Such tires can be built, shaped, molded 
and cured by various methods which are known and will be readily apparent to those ha\ ing 
skill in such an. 

All references cited herein are incorporated herein as they are relevant to the present 
10 invention, 

"Hie invention may be better understood by reference to the folio-wing examples in 
which the parts and percentages are by weight unless otherwise indicated. 



EXAMPLES 
s 5 EXAMPLE 1 Preparation oOTmc'' 

A 5-liter flask was fitted with a 15-piate Otdershaw distilling column (28 mm plate 
diamcte;}, ^ \ ■ - .. o ^ udeiiser and distilling bead capaKc * 

controlled and adjustable reflux ratio. Heat was supplied to the flask using an electric heating 
mantle regulated by a controller coupled to an electronic temperature regulator. Toe vapor 
20 temperature in the head was monitored also. The system was maintained under an 

atmosphere of nitrogen. Control of the vacimm was enhanced via a bleeder valve inserted 
* j_ _ » i atioi 
738 1 grams of 3-(m - . hoxysilyi)-! -propyl mercaptan and l$92 2 courts of 
acetic anhydride were added to the STiter flask. The mixture was heated with stirring until 
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the first drops of liquid began. to collect from the head, at which time the collection rate was 

adjusted to 1-2 drops pei second. Heal was supplied to the flask at a sufficient rate so as to 

maintain a reflux ratio of so less than 8:1, but not sufficient to cause column flooding. The 

collection temperature rapidly stabilized to 54- *C. The collection rate was increased and 

5 adjusted to maintain a collection temperature of not more than 55 "C until a total of 506 

grains of a clear, colorless liquid had been collected. The distillate had an odor of methyl 

acetate, and was immiscible with and unresponsive toward aqueous sodium carbonate. 

Further distillation began with a collection at 54 °C, with a gradual tendency toward higher 

temperatures and slower collection rates until a steady collection in the range of 1 1 5-120 °C 

io was maintained. 650 grams of a clear, colorless liquid were collected-, which had an odor of 
setic ac ne jcetate, and demonstrated vigorous effervescence with aqueous 
sodium carbonate. After cooling, an additional 361 grams of acedc anhydride were added to 
the contents of the 5-liter flask, and the distillation was reinitiated. Collection eventually 
stabilized at 140 °C, yielding 493 grams of distillate. The temperature in the 5-liter flask had 

IS risen to 1 80 °C whereupon the heating was stopped. Both acetic acid and acetic anhydride 
could be detected in the distillate by odor. Its response with aqueous sodium carbonate was 
similar to the previous sample. A final sample of distillate was collected under vacuum. The 
vacuum was regulated and maintained at the level required to collect the distillate at a 
temperature near that of the cooling water used to remove heat from the eondenser using the 

20 bleeder valve. The temperature in the 5-liter flask was limited to 1 50 °C during tins 

procedure. The bleeder valve gradually was opened. An additional 428 grams of distillate 
t c -v. I he final distillate had an odor of acetic anhydride. At this point, the temperature 
in the 5 ii or flask \ as si vh 

< 0.7 kPa. An initial 1 2-gram fraction was collected at <1 drop/second with a reflux ratio of 
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>10: 1. A second fraction of 950 grams of a clear, colorless Ikpld was collected at a 
substantially faster rate with a reflux ratio of>5:l. He distillation was terminated when the 
temperature of the 5-Hter flask reached 180 °C, leaving a dark brown, viscous residue of! 70 
grams. "The second fraction was product of 98.5 percent purity (GO: distilled yield, 83 
5 percent. 

EXAMPLE 2 Pr eparation of 3 -(trimemoxysily l)-l -propyl thioacetate 

I ig apparatus used was identical to that of Example 1 . 1074 grams of 
3<trinmhexysdy i)~l -propyl mercaptan and 561.4 grants of acetic anhydride were added to 
si) the 5-Hter flask. 'Hie system was evacuated,. followed by commui s c" vacuum 

using the bleeder valve in the nearly shut position. The temperature of the 5-Hter flask was 
increased gradually to 120 °C, at which time condensate began collecting at <30 °G. The 
distillation was continued until nothing more collected with the 5-Hter flask now at a 
temperature of ; 55 °C, at which time die heating was stopped, yielding 1 84 grams of a clear, 
55 colorless liquid with a distinct odor of methyl acetate. Its specific gravity of 0.898 combined 
with a negative response to aqueous sodium carbonate indicated that a substantial portion of 
methanol was probably present. The temperature ot tee c ter flas . ualiy rals 

u 1 95 C, > elding an additional total of 266 grams of condensate. The distil lation was 
continued gradt ting of the 5-liter flask to 225 °C and the bleeder valve open. 379 
20 grams of a clear, colorless liquid were collected at a maximum head temperature of 104 X\ 

vih the starting and product s ia es were m tts - ve 

unousts of acetic acid detectable by odor. 
The contents of the 5-liter flask were emptied into and stored in a 32-oz. (94? ml) 
bottle under nitrogen. The 5-liter flask was charged with the distillate, which was redisdiied 



with the bleeder valve wide open, A large first fraction contained mostly the starting blocked 
raetcaptosilane. A. second, clear and colorless 75 gram fraction was collected at: 70 °C. This 
fraction was product of >90% purity (GC); distilled yield, 6 percent. The product also 
contained derivative containing methoxy-Si and aeetoxy-Si groups, and SiOSi crosslinks. 

5 

EXAMPLE 3 Preparation of 3-(trimethoxysily I)-I -propyl thioacetate derivati ve containing 
acetoxy-Si OSi crosslinks 

The apparatus used was identical to that of Example ! . 1 775 grams of 
3~(trimethoxysuyl)- 1 -propyl mercaptan were added to the 5-liter flask. A total of 4719 grams' 

10 of acetic anhydride were set aside for reaction with the mercaptosilane, of which 1002 grams 
were added to the 5-liter flask along with the mercaptosilane. Toe heat: flow to the Sditer 
flask was increased gradually until a steady collection of distillate was established at a head 
temperature of 54 °C. A total of 840 grams of distillate were collected, which was found to 
contain methyl acetate, acetic acid, and methanol uva 100/2/2.7 molar ratio by NMR analysis. 

|5 An additional 20 1 5 grams of acetic anhydride were added to the cooled 5-liter flask, arid the 
distillation resumed, yielding an additional 923 grams of distillate. The procedure was then 
repeated a third time with a 701 grams addition of acetic anhydride, yielding 834 grams of 
distillate. The application of vacuum to the head was now begun. Hie vacuum was regulated 
and maintained at the level required to collect the distillate at a temperature near that of the 

20 cooling water used to remove heat from the condenser via the bleeder valve. The temperature 
in the 5-liter flask was limited to 170 °C during this procedure. The bleeder valve was 
opened gradually as the collection rate began to dimmish. An additional 896 grams of 
distillate collected, whereupon any remaining liquids in the column and head evaporated. GC 
analysis of the inal dist g han acetic 
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anhydride had distilled aver. The contents of the flask cooled to a viscous, dark brown oil 
which was stored under nitrogen. 



EXAMPLE 5 - Preparation of 3-(propionyIthioVl •fro pvltrimethoxysflane 

816 grains of 3-nM^jsto-i-propyltrimethoxysilane, 871 grams of 25 weight percent 
methanoiie solution of sodium methoxide and 1724 grams of toluene were charged to a 5-liter 
flask under an atmosphere of nitrogen. The stirred mixture developed a pinkish color. 
Methanol was removed from the flask by distilling off a methanol-toluene azeotrope, during 
which time the contents of the flask tamed colorless. The appearance of a strong density 
current in the distillate which coincided with an increase in distillation head temperature from 
63 °C to 108 °C signaled the point at which methanol removal from the flask was complete. 
With continued stirring, the contents of the flask were allowed to cool and were placed in an 
ice-water bath. 361 grams ofpropionyl chloride were added to the flask drop- wise and/or in 
small portions with continued stirring in an ice-water oath until the reaction was complete. 
Aiiquots of the stirred mixture were taken periodically and placed onto pH paper. An 

v i v. smpletion of the reaction. The final mixture was a white 
suspension ofNaCl in a toluene solution of the product < - < red and the 

solvent was removed from the filtrate to yield a light brown product. Gas chromatography 
indicated 5 percent .l-mercapto-l-propyitrimethoxysilane, 25 percent of 
3-(methyltMo}-I-propyitrimethoxysiIane, 70 percent of 

3-<acetyithku- 1 -propyitrimethoxysiiane (product). Flash distillation from .1 to 2 grams of 
powdered sodium methoxide yielded a colorless product. The sodium methoxide was added 
to insure that any remaining acidity was neutralized, Further optional fractional distillation 
yielded a product in excess of 98 percent purity by GC. 



EXAMPLE 6 - Pre] t r > nethoxysilane 

1035 grams of 3~meit;apto- l-prt>py!trimetfeoxysiIaree ? 1096 grams of a 25 weight 
percent n ^ " diurn nethoxide, and 1764 grams of toluene were charged to 

5 a 5~liter flask under an atmosphere of nitrogen. The stirred mixture developed a pinkish 
color. The flask was placed Into a water bath at 64 a C Methanol was removed from the 
flask by distilling off a methanoi-toluene azeotrope under a partial vacuum. The vacuum was 
kept such that the temperature in the distillation head was maintained at 30 to 35 °C during 
\ b i " v s m _ \ <r« r -anoS azeotrope, was collected. 

10 tg this >nten - k turned colorless. An additional 429 grams of 

toluene was added and the distillation resumed. The appearance of a strong density current in 
the distillate which coincided with an increase in distillation head temperature from 35 to 55 
°C and the appearance of a changing liquid surface tension in the condenser signaled the 
point at which methanol removal from the flask was complete. The contents of the flask had 

1 5 become a viscous fluid. With continued stirring, the contents of the flask were allowed to 
cool. The flask was placed in an ice-water bath, resulting in what appeared to be a thick 
paste, 457 grams of propionyl chloride was added to the flask drop-wise and/or in small 

t ed stirring in an ice-water bath until the reaction was complete. 
A iquots c vere taken periodically,. An alkaline reading indicated the 

20 completion of the reaction. The final mixture wa-. > s <. on v v NaC in a toluene 

solution of the product. This mixture was filtered and the solvent was removed from the 
filtrate to yield a nearly colorless product Gas chromatography indicated (by weight) 3 
percent of 3-mercapto-l -propyltrimethoxysilane, 1 percent of 
3-(methylthio)-l-propyitrimethoxysilane, and 96 percent of 
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Hacetyithi - -p s om 1 to 2 grams of 

powdered sodium methoxide vie c rh > product The sodiun nemoxide was added 
to ensure that any remaining acidlt} was neutralized, Purine; >? i >na rat 50 sal dis illation 
yielded a product in excess of 98 percent purity by GC, 

5 

dX-VMPl ^k'o 0 - j 

763 grams of 3-iaercapto-l-propyMethoxysilane and 1013 grams of a 21 weight 
percent cthanolic solution of sodium ethoxide were charged to a 5-liter flask under an 
atmospl et aen 'HQ grams of ethanol were distilled from this mixture at a maximum 

10 temperature of 45 °C at 48 kPa. 1 550 grams of toluene were added to the contents of the 
flask under nitrogen. The remaining ethanol was removed from the flask by distilling off an 
eduuioi-tolueT.ss azeotrope under a maximum absolute pressure of 48 k.Pa at a maximum 
temperature of 60 °C. The vacuum was kept such that the temperature In the distillation head, 
was maintained at 30 to 40 °C. The appearance of a strong density current in the distillate 

15 whi k nek d > it an increase in distillation head temperature from 35 to about 60 °G and 
the appearance of a changing liquid surface tension in the condenser signaled the point at 
^ o„ . wo \ . . u nask was complete. At the end of this procedure the 

contents - - < sea cleat, orange liquid. 

With continued stirring, the contents of the flask were allowed to cool to ambient 

20 jeraturt 8 gra t chl ded to the k. drop-wise and i 

. s e w uu v. pn ; . w5tl 3 C. At the 

completion of the benzoyl chloride addition, stirring was continued for an additional day. 
The stirring was initially sufficiently vigorous to break up any chunks and MtomogeneMes in 
the mixture. Fhe - 
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of the product. Tins mixture was filtered and the solvent was removed from the filiate to 
yield a light yellow-brown product -which gave an acidic response to pH paper. Sufficient 
powdered sodium ethoxide was stirred into fee product to neutralize all of the acidity. Flash 
distillation at <0.7 kPa yielded a light pink product containing about 10 percent by gas 
5 chromatography each of ethyl benzoate and I -siia-2-thia- 1 , 1 -diethoxyeyclopentane, which 
formed because of base catalysed decomposition during the distillation. A secon : 
distillation was performed in which the first 30 percent of the product was removed as a 
forecut. No base or acid was present The second fraction was a product of light pink color 
in excess of 98 percent purity by GC, 

EXAMPLE § Preparatio n of 2-(acetyk hio)- 1 -ethyltriethoxysilane 

2513 grams of vbyltriethoxysilane was added to a 5-liter flask and brought to reflux 
with stirring. A 25 mi forecut was distilled off to remove volatile impurities. The heating 
was stopped and a first, 335 gram portion of a total of two portions of 1 005 grams of 

IS thiolaceiic acid was added over a period of several minutes at a rate to maintain a smooth 

reflux. Heat was supplied toward the end of the addition, as necessary* *° maintain the reflux. 
0,8 grams of di-t-butyl peroxide was added down the condensers, resulting in an immediate 
reaction as evidenced by a reflux rate acceleration. Power to the heating mantle was cut. 
During the reflux, the temperature rose to near 160 °C within several minutes, whereupon the 

20 reflux subsided and the light yellow contents of the pot began to cool 

When the contents of the pot had reached 150 °C f an additional 670 grams of 
thiol acetic acid was added in a manner similar to the first addition. 20 ml. of forecut were 
collected, and 1 .6 grams of di-t-butyl peroxide was again added. A slight increase in reflux 
rate was observed within several minutes. After I -0 to 15 minutes, the pot reached a 
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maximum temperature of 155 °C and subsequently began to cool At ISO X' the . - a w 

was maim t ol under 

rogerj chromatography a s iicated (by weig sere hlolacetk c i 

e 1 ilatte, 5 percent; Wacetyhhi phaaddaet), 

5 68 percent 2»C.aeetyithio)- 1 -edwltriethoxysiiane (beta adduet product), and 9 percent balance 

(mainly heavies). 

EX \MPI E 9 - Pre 1 t '- i -propyltriethox ysiiane 

Into a 12 liter, 3 necked round bottom flask equipped with mechanical stirrer,, addition 

10 fvm hern >k atin iande } N, inlet aid temperature con ol N charged 2 
grams of 3-mercaptopropy Itriethoxysilane (SILQUEST® A- 1891 siiane from GSi 
Specialties, Inc., a subsidiary of Witco Corp. of Greenwich, CT). and 433 grams of 
triemyiamine and 3,000 mi hexaae. The solution was cooled in an ice bath, and 693 grams of 
oetanoyl chloride was added over a two hour period via the addition funnel. After addition of 

15 « v I s compk e mixture was filtered two times, first through a 0.! fun 

using a pressure tiller, to remove the salt. The 
solvent was removed under vacuum. The remaining yellow liquid was vacuum distilled to 
yield 1,349 grams of octet iethox lane as a clear, very light yellow liquid 

The yield was 8? percent. 

r r ^~ v r i " 1 " ~ r 

This example illustrates the preparation of a thiocarboxylate alkoxysiiane from a salt 
of a thioiearboxylic acid using as a solvent the alcohol cor d jsi m ; alko 

group. Into a 250 ml, 3 neck round bottomed tlask equippe pietic stir bar 



temperature proba/controlier, heating mantle, addition fennel, condenser, and N 2 inlet was 
charged 63 grams >f a „ I we ght percent sodium ethoxtde in eti i 

acid was ad t was aik vedto 

cool to room temperature, and 48 grams of chloropropyltnethoxysilane was added via the 
5 addition funnel. After addition was complete, the solution was heated to 70 °C for 24 hours 
whereupon a white solid formed. Analysis of the solution by gas chromatography showed a 
78 percent yield of acetylthlQpropyltriethoxysilane, 

SLtiVPl II £r££?ll^ 

10 This example illustrates the preparation of a thiocarboxyiate alkoxysilane from a salt 

ofathioicarboxyiic acid using as anonprotic solvent. 88 grams of powdered sodium ethoxide 
and 600 ml diglyme were charged Into a I liter, 3 neck round bottomed flask equipped with 
magnetic stir bar, temperature probe/controller, heating mantle, addidon funnel, condenser, 
N r 2 inlet, and ice water bath. The solution was cooled to H *C and 105 grams of thiolaestic 

15 ac. °C P*e 

solution was allowed to cool to 35 and 250 grams of chloromethyhriethoxysilane was 
added <. e , 1 - unnei After addition was complete, the solution was heated to 70 °C, 
where a bi ici to 1 20 3 C was observed. The solution was heated at 70 °C for an 

additional 3 hours, A white solid formed which was filtered first through a 0.1 urn pressure 

20 filter and then a 0.01 pin filter to give a clear, black, solution. "Hie solvent was removed under 
reduced pressure, and the remaining liquid vacuum distilled to yield 163 grams of a clear and 
colorless liquid, a 55 percent yield. 
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EXAMPLE 1 2 The Use of Silanes of Ex. I -4 in Low Rol v I re "read 

Formulation 

A model low rolling resistance passenger tire tread formulation ts described i : fable 
I and a mix procedure, were used to evaluate representative examples of the silanes of the 
5 present invention. The silane in Example 1 was mixed as Mows in a " B 5 " BANBURY® 
(Farreil Corp.) mixer with a 103 cu. in. (1690 cc) chamber volume. The mixing of the rubber 
masterbateh was done in two steps. The mixer was turned on with the mixer at 120 rpm and 
the cooling water on full The rubber polymers were added to the mixer and ram down mixed 
.for 30 seconds. Half of the silica and ail of the silane v, lateb w a s this 

10 portion of silica mm ethylvinyl acetate (EVA) bag were added and ram down mixed for 30 
seconds. The remaining silica and the oil in an EVA bag were next added and mm down 
mixed for 30 seconds. The mixer throat was thrice dusted down and the mixture ram down 
mixed for 15 seconds each time. The mixer's mixing speed was increased to 1 60 or 240 rpm, 
as required to raise the temperature of the rubber masterbateh to between 160 and 165 °C in 

1 5 approximately i minute. The masterbateh was dumped (removed from the mixer), a sheet 
was formed on a roll mill set at about 50 to 60 *C, and then allowed to cool to ambient 
temperature. 

The rubber masterbateh was added to the mixer wife the mixer at 120 rpm and cooling 
water turned on full and ram down mixed for 30 seconds. The remainder of the ingredients 
20 were added ana ram down mixed for 30 seconds. The mixer throat was dusted down, the 
mixer speed increased to 160 or 240 rpm so that the contents reached a temperature between 
1 60 arid 165 °C In approximately 2 minutes. The rubber masterbateh was mixed for 8 
minutes and the speed of the BANBURY mixer was adjusted to maintain the temperature 
between 160 and 165 S C. The masterbateh was dumped (removed from the mixer), a sheet 
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was formed on a roll mill set at about 50 to 60 "C, and then allowed to cool to ambient 

temperature. 

The rubber masterbatch and the curatives were mixed on a 6 in, x 1 3 in. (1 5 cm X 33 
cm) two roil mill that was heated to between 50 and 60 °€. The sulfur and accelerators were 
5 add^u * the mbb id thoroughly mixed on the roil mill and allowed io form a 

sheet. The sheet was cooled to ambient conditions for 24 hours before it was cared. The 
rheoJogasai properties were measured en a Monsanto R-IQ0 Oscillating Disk Rhecmeter and 
a Monsanto M1400 Mooney Viscometer. The specimens for measuring the mechanical 
properties were cut from 6 mm plaques cured for 35 minutes at 160 *C or from 2 mm plaques 
10 cared for .25 minutes at 1 60 ®C. 

Shane from Examples 2-4 were compounded into the tire tread formulation according 
>'J* afe procedure. Fnepe- - the Planes prepared in Examples 1-4 was 

compared to the performance of no siiane coupling agent (Siiane a), two siianes, one of 
which is practiced in the prior art, bis-(34rietk>xysiiyI-l-propy3)tetrasulfide (TBSPT, Siiane 
.1 5 P), the other 3-triethoxysilyl~ 1 -propy imercaptan (TESPM, Siiane y) which is the product 
s of ac >oxv 1 h ocking group from a representative -example of the- 
silanes of the present invention. The results of this procedure are tabulated below in Table 2. 
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Table I • Model LotitldBlftg. teastaee. Tread .Formulation 



PHR 

75 

25 

SO 

32.5 

2,5 



SSBR(12* j e ; 6% vinyl, F, 42°C) 
BR (9§>% cis, T s : 104 a C) 

Silica (150-190 rrr/gm, 2EOSIL 1165MP, Ehone-Poulenc) 

Aromatic process oil (high viscosity, Svsadex 8125, Sun) 

Zinc oxide (KADOX 720C, Zinc Corp) 

Stearic acid (INDUSTRENE, Wiieo) 

6PPD saitiozonant (SANTOFLEX 6PPD, Flexsys) 

Macrocrystalline wax (M-4067, Schumann) 

N330 carbon black (Engineered Carbons) 

Sulfur (#104, Sunbelt) 

CBS accelerator (SANTOCURE, Fkxsys) 

DPG accelerator (PERKACIT DPG-C, Flexsys) 



ingredient 



10 



2 

1,5 
3 

1.4 
L7 
2 
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The following tests were conducted with the following methods (in all examples): 
Mooney Scorch @ 135 C C (ASTM Procedure 01646); Mooney Viscosity @ 100 °C (ASTM 
Procedure D1646); Oscillating Disc Rheometer (ODR) @ 149 °C» P arc, (ASTM Procedure 
D2084); Physical Properties, cured t90 @ 149 °C (ASTM Procedures D412 and D224) (CP 
20 and G" m 4ynes/cm 2 ); DIN Abrasion, mm J (DIN Procedure 5351 6); and Pleat Build (ASTM 
Procedure D623). 
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TaMe 2 - Pexfomianee of Represeatative Silanes in a Model Low Rolling .Resistance 



Passenger Tire Tread Formulation 



Siiaae a 


P 


Ex. 4 


Ex. 3 


Ex. 1 


Ex. 2 


y 


J 


Amount 


7.4 


7.4 


7.4 


7.4 


8,3 


3.18 


6.35 


Moonev Viscosity at 100 °C 












74 


121 


ML 1+4 " 130 


67 


65 


58 


73 


63 


Moosev Scorch M 135 °C 
















MSKt,, minutes 9.5 


6.7 


4.3 


6,3 


2.2 


6.3 


6.3 


2.8 


MSi*,U 11.0 


10,1 


5.9 


7,8 


3.2 


7.7 


8.4 


.5./ 


ODR m UTCX Are, 30 minute timer 














M t ,dN-M 26,9 


8.5 


8,5 


7.2 


9.3 


7.8 


1:1.5 


14.8 


M M , dN-M 44.5 


30.8 


31.0 


31.4 


34.8 


30.5 


27.8 


33.9 


t, : , minutes 5.4 


4.8 


2.5 


3.8 


1.6 


3.8 


3.3 


2.0 


190, minutes 10.5 


17 J 


8.0 


8.0 


8.1 


7.5 


15.3 


15.0 


Physical Properties, cured t9€ 


• @ 149°C 












Hardness, Shore A 66 


57 


59 


60 


62 


60 


52 


scorched 


Elongation, % 900 


400 


540 


520 


490 


450 


360 




\u >> a \ L ; cicm- 10.5 


19.0 


19.0 


18.3 


22.5 


23.2 


15.5 


not 


200% Mod., kg/cm 2 15.5 


56.9 


49.2 


46.4 


59.8 


66.1 


45.0 


cured 


300% Mod., kg/em 2 24.6 
IVi-. .. _ 137 J 


128,0 


101,2 


96.3 


116.0 


129.4 


104.8 




208-i 


234.8 


218.0 


237.6 


222.9 


139.2 




Dynamic Properties @ 0.15% strata, 10Hz, torsion mode (2nd sweep) 




G f ® 0°t\ x W 26.8 


5.92 


9,22 


9.42 


1.26 


6.41 


3.17 




; OCx 10' 12.7 


2.76 


4.26 


3.89 


5.36 


3.02 


1.75 




i " . fTC.x 1G 7 2.S? 


1.26 


1.81. 


1.84 


2.14 


1.3 


5.69 




x i 


2,48 


4.00 


3.85 


4.94 


2,71. 


2.13 




Tan delta ;a OX: 0.1070 


0.2124 


0.1968 


0,1952 


0.169 


0.202 


0.202 




Tan delta ®60°C 0.0876 


0.09 


0.0939 


0.0988 


0.092 


0.089 


0.121 




Ratio, 0°C/60*C 1.22 


2.36 


2.10 


1.98 


1.84 


2.25 


1.67 




Heat Build-up, .100 «C ambient, 18.5% compression, 143 psi (99KPa> load, 25 minutes 


Delta T, a C 66 


13 


22 


19 


IS 




17 




Set,% *** 


6.3 


10.9 


8.8 


8.0 




6.9 





***deiamina!sd in 9 



* _J£_ ^ v. Si are of l^ampl, 1 ni.ov_ } %Ls3i 

5 \ct-\o.t. i _ L°Q 

The model low rolling resistance passenger tire tread formulation and mixing 
procedure E - 1 vere jsed t e\ uatc 

N> p a e results dow in Table 3 
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Table 3. The Effect of DPG on the Compounding and Curing of a Mode] Low Rolling 
Resistance Passenger Tire Tread Formulation 



East 


A 


B 


C 


phrBPG 


2.00 


0.5 


1.25 


Meo-nev viscosity (m 1811 *C 








ML *l+4 


75 






Mooaey scorcls (m 135 *C 








M v 


4! 






MS i+, t 3 , minutes 


2.5 


15.3 


6.2 


MS l+, t ;s , minutes 


3.6 


24.1 


S3 


ODR @ r arc, 30 mi 


ante timer 








9.8 


9.4 


8.6 


M H , dN-M 


35.7 


28.8 


33.4 


t s l , minutes 


L8 


8.0 


3.4 


t90, minutes 


8.0 


22.5 


ns 


Physical properties, cared t90 @ 149 {< C 






Hardness, Shore A 


63 


59 


62 


I tengat i, 


550 


620 


560 




21.1 


19.0 


22.5 


^ . . . . v< en 


55,5 


42.9 


55.5 


, kg/Cm 2 


106.9 


80.9 


106.2 


Tensile, kg/cm 2 


236 


209.5 


234.1 


DIN Abrasion, aim* 


85 


69 


72 


Bynamic properties @ 10Hz, 0.15% strain, torsion mode 






14.8 


14.1 


12.6 


- ..: - . . s 


6,23 


5.97 


5.64 


23,0 


26.4 


22.1 


G c oOT XL 


6.55 


7.30 


6,01 


Fan del la 5 0 C 


0.155! 


0.1872 


0.1753 


? an deh i i)U f 


0.1053 


0.1189 


0.1035 


Ratio 0°C/60 e C 


.1.47 


1.57 


1.69 



EXAMPU I S hoe S( e Zotapound Compositions 
5 Formulation:^ Budene 1 207 BR, 40 SMR5L NR, 45 ZEOSIL 1 1 65MP Silica, 5 CALSOL 
5550 Process Oil, 3 CARBOWAX 3350 PEG, 5 KABOX 720C Zinc Oxide, 1 
INDUSTRENP. R Stearic Acid, 1 BHT Antioxidant, 1 SUNOL1TE 240 Wax, 1,9 
Rubbermakers Stilfer 104, 13 MBTS S 0.5 MBT, 0.2 TMTM, Silane - S1LQUEST A- 1289 
silane (TESPT) or aeetyI^o^i^n.eti»>xysttane (Acetyl), The amounts of each are in phr. 



10 ... dd Sull idd S" means t « i n i vas ad kethe 
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ered bs TBBF. " The 

2s« >n Table 4 below. 



Table 4 



SILANK 


NONE 


TESPT 


TESPT 


Acetyl 


Aeetjl 


Acetyl 




Add Sulfur 










X 




K 






2 


4 


2 


2 


4 


4 


Mooaey Scored @ OS °C 














mv 


31 


42 


40 


35 




33 




VIS? t ; r^Sxx 


5.0 


4.3 


4J 






7.4 




MSKt !S; miautss 


5.S 


5.3 


s;3 


8,2 




B,8 




Mooaey Ysscosst? i :-! 
















ML 1*4 


§6 


78 


76 


74 




71 




OSM @ 149 *€, 1° arc, 


12 snis&te dstser 
















19.7 


54.9 


14.0 


12.2 


ii.5 


\QA 


10.2 


M ss , dN-m 


59.7 


57.4 


54.2 


52.0 


52.S 


49.3 


49.8 


minutes 


3.5 


2.8 




4.3 


3:8 


4.7 


4.4 


190. . sslitutss 




5.6 


5,9 


7.5 


7,1 


82 


8.2 


Pfeysfcaf Properties, cared 198 {§, 149 °C 














Harness, Shore A 


67 


67 


66 


66 




66 


66 




630 


570 


570 


540 


440 


500 


460 


100% Modsius, kg/cm* 


19.7 


23.9 


253 


26.7 


26,7 


26.7 


27.4 


S X 


36.6 


50.6 


54.3 


56.2 


59.1 


55.5 


59.8 


300% Modulus, kg/csjr 


58J 


S6.5 


91.4 


97.7 


103.3 


96.3 


105.5 


Tensile. Kg/citi* 


187.0 


204:6 


222.2 


201. S 


274.4 


1S9.8 


189.1 


DIN Abrasion, mm s 


Sg 


75 


67 


74 


71 


65 


73 


Akron Abrssios, aim 3 


0,46 


0.48 


0.35 


0.39 


0.4 1 


0.45 


0.44 



5 

EXAMPLE 15 ~ Low Rol ling Resistance Ti re Formulations 

The-foUowing-silaaes were tested in low rolling resistance tire formulations: TESPT (A); 

- ' ^ » : aio- 1 -p*f pyltrimethoxysiiane (C); 3-acetykliio-l-propyltriethoxysi!ane 

(D), 3-octanoyithio- 1 -propyltriethoxysilane (E); 3-palmitoyithio- 1 ■propyltrieihoxysnane (F); 

1.0 k \ \U .i * - UI) 

3-benzoyitnio- i -propyhnethoxysilane (I): acetyithiomethyliriethoxysiiane (I), 
acetylthie^thyltrte (L), 
acetothioethyimcthyidimethoxysilaiie (M). acetylthiooctyltrimethoxysilane (N), 
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, ylthic vitnetlioxysiiaae (? ithiocycif - nethoxysiian 

acetotliioaorbornylethyltrimethoxysiiane (Q). The formulation was (amount in phr) 75 
SOLFLEX 1216 SSBR, 25 Budene 120? BR, 80 ZEOSIL I 165MP silica, 32.5 SUNDEX 
3125 process oil 2.5 KADOX 720C zinc oxide, 1.0 INDUSTRENE R stearic acid, 2.0 
5 SANTOPLEX 13 aatiozonant, 1 .5 M4067 microwax, 3.0 N330 carbon black, 1.4 
Rubbennakers sulfur 104, i .7 CBS, 2.0 DPG, Silane as shown. 
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What is claimed is: 

! , A blocked mercaptosilaae selected firom the group consisting of: 
5 [[(R0CeO)) p <G)j k -Y^i.G-(SiX 3 Xa);aad 
[?K 3 SiVG] a -[Y4S-G-SiX 3 U (2) 
wherein 

Y is a polyvalent species (QXA.(«E) selected from the group consisting of-CC^NR)-; 

-SC(-NRV; -SC<0}-; -0C{O)-; -$«>)-; -S<0) r ; -0S(O) r ; -(NR)S<0) r ; -SS{=0>; 
10 -OSC-O)-; -(NR)S{«0)« ; -SS(-0) r ; (-S),P(-0>-; -(-S}P{-0)-; -P(-0)(-^ (~S) 2 ?<=S)s 

-(-S)P(*S)s ~P{«S)<-) 2 ; C-NR) 2 P(-Q)-; (~NR)(-S)F(-0)s (~0)<~NR)P<-0)s (-0)(-S}P(-OK 

{-O^C-OH -(~0)P(-0)~; -GNR)P«})~; (-NR),P(-S)-; GNR)(~S)P<=S>: {-0}(.NR}P(-S}-; 

(-0)(-S)P(-S)s (-O)jP(-S}-; -(•-O)P(-S)-; and -{~NR)P(-S>- ; each wherein the atom (A) 

attached to the unsaturated heteroatom (£) is attached to the sulfur, which In turn is linked via 
15 a group G io the silla t at - ; 

each R is chosen independently from hydrogen, straight, cyclic or branched aikyl that 

may or may not contain unsaturation, alkenyl groups, and groups, and araiky! groins, with 

each B c al u ig roni i to IS carbon atoms; 

each G is independently a monovalent or polyvalent group derived by substitution of 
20 aikyl, alkenyh and or aralkyl wherein G can contain from 1 to 18 carbon atoms, with the 

proviso that G is not such that the silane would contain an ^-unsaturated carbonyi including 

a carbon-carbon double bond next to the thiocarbonyl group, and if G is univalent, G can be a 

hydrogen atom: 
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X - ndi roup selected from the group consisting of -CI -Br, RCK 

R.C(O)0- ; RjONCK R,NG- or R 2 N~, -R, -(OSiR 2 ) s (OSiR 3 ) wherein each R and G is as 
above and ai least one X is not ~R; 

p is 0 to 5; r is ! to 3;zis0 to 2; q is 0 to 6; a is 0 to 7; b is I to 3; j is 0 to L but it 
may be 0 only if p is I, c is 1 to 6 ? t is 0 to 5; s is 1 to 3; k is I to 2, with the provisos that (A) 
If A is carbon, sulfur or sulfonyi, then (i) a + b = 2 and (ii) k~ I; (B) if A is phosphorus, then 
a + b»3 unless both (i) c > 1 and (il) b ■= L in which ease a - c -f 1 ; and (C) If A is 
phosphorus, then k Is 2. 

2. A blocked mercaptosiiane according to claim 1 wherein R is selected Irons the group 
consisting of methyl, ethyl, propyl, isobutyf. phenyl, tolyl, phenethyh norhomyl, norbornenyl, 
ethyinorbornyl, ethyinorboraenyl ethyleyciohexyl ethylcyeiohexenyi, and 
eycichexyicyc shexyl 

3. A blocked mercaptosiiane according to claim I according to formula (I). 

4. A blocked mercaptosiiane according to claim 1 according to formula (Hp 

5. A blocked mercaptosiiane according to claim I which has been partially hydrolyzed. 



6. A blocked mercaptosiiane according to claim 1 wherein Y is selected from the group 
consisting of: -GC(=<}}~; -SC{K>>«; -S(*0>; -OS<0>; <-S}PH>}-; and ~P(<))(~) 2< 
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7. \ block ■ according to claim 1 1 wterein mesom of the carbon atoms 

within the Ggroun- ilntte iok ?le are from 3 to 18. 



S, A Mocked n i iptosiiaae according to claim 1 wherein X is selected from the groupd 
5 consisting of methoxy, ethoxy, isobutoxy, piopoxy, isopropoxy, aceioxy and oximato. 



9. A blocked mereaptosllane according to claim 1 wherein p is 0 to 2; X is RG~ or 
RG(=0)O-; R is selected from the group consisting of hydrogen, phenyl, isopropyl 
cyciohexyl, isobuvyi; and G is a substituted phenyl or substituted sir kyl ( 



10. A process for the manufacture of a filled rubber comprising: 

a. mixing an rubber, a blocked mercaptosiiane and inorganic filler; 

b. mixing into the .mixture of step (a) a deblocking agent to the mixture to deblock the 
i 5 v - ; agent; and 

c. allowing the mixture to cure. 



11, A process according to claim 10 wherein mercaptosiiane Is selected from the group 
consisting of: 

20 [[{ROC(-0)) r (G)3] r Y-S] r -G-(SiX s ) 5 (1); and 

i(X 5 SiVG] r [Y.[S-G-SiX 3 ] b l c (2) 
wherein 
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\ <-< es(Q) 2 AA : I each wherein e atom (A) attache o « 

unsaturated heteroatom (E) is attached to the sulfur, which in turn is linked via a group G to 
the silicon atom; 

each R is chosen independently from hydrogen, straight, cyciic or branched alky! that 
5 may or may not contain unsaturation, alkenyl group, ar I r; ra k ? m\ ps m > h 

each R containing from i to 18 carbon atoms; 

each G is independently a monovalent c 3 
alkyl aikenyl aryl or aralkyi wherein G can contain from 1 to I S carbon atoms, with the 
proviso that G is not such that the silane would contain a *v . ..mh 

m a carbon-carbon double bond next to the thiocarbonyi group, and if G is univalent, G can be a 
hydrogen atom; 

X is independently a group selected from the group consisting of -CI -Br. R.O-, 
R€(«0)0.., RjONO-, RjNO- or R 2 N-, -R, -(OSiR>X(OSiR 5 ) wherein each R and G is as 
above and at least, one X is not ~R: 
is Q is oxygen, sulfur or (-NR-); 

A is carbon, sulfur, phosphorus, or sulfoayl; 

E is oxygc fin -IR 

p is 0 to 5; r is I to 3; % is 0 to 2; q is 0 to 6; a is 0 to 7; b is I to 3; J is 0 to 1 , but it 
may be 0 only if p is L c is I to 6, t is 0 to 5; s is 1 to 3; k is 1 to 2, with the provisos that (A) 
20 if A is carbon,, sulfur or sulfoayl, then (i) a + b ;;; 2 and (ii) k «• 1 ; (B) if A is phosphorus, then 
a + b = 3 unless both (i) e > I and (ii) b= I, in which case a = c 4- 1 : and (C) if A is 
phosphorus, then k is 2. 
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i 2, A process according to claim 1 1 wherein the mercaptosilane is selected from the group 
consisting of; 

2-triethoxysiIyl-! -ethyl thioacetate; 2-trimethoxysih'I-1-et!:yI thioacetate; 

; 3-lrimethoxysiiyM -propyl thioacetate; 
triethoxysiiylmethy! thioacetate; trimethoxysilylmethyl thioacetate; tiiisapropoxpvsiiytoiethyl 
thioacetate; meth] lylmethy thioacetate; methyldimeihoxysilylmei * oaceiate 

methy kiiis 3 t thioacetate; dimeth} ^noacetate, 

methyln > ! t th.i tate; dimethylisopropoxysilylmethyl &ioacetate; 
2-triLsopropoxysilyl- 1 -ethyl thioacetate; 2-(methyldiethoxysilyl)- 1 -ethyl thioacetate; 

x»:ysih thy i >acetate: I- iimcthyleth< yy.sil 1 -1 ;th 

2- {d«nethyhaethoxysilyl)- 1 -ethyl thioacetate; 2~(dimethy!isopropoxysiIy!)- 1 -ethyl 
thioacetate; 3-triethoxysiiyl-I-propyl thioacetate; 3-triisopropoxysiiyl-l -propyl thioacetate; 

3- methyidiethoxysMyl- 1 -propyl thioacetate; 3-methyidimethoxysilyk ! -propyl thioacetate; 
3-methy!dhsopropoxysi!yl-I-propy! thioacetate; 

l-{2-trierhoxysilyi- ! ~ethyf)~4-tfaioacetylcyclohexane; 

1- (2-triethoxysily!~l-ethyi)-3-thioaeetylcyciohexatte? 2-triethoxysilyl-5-thioacetylnorbomeae; 

2- triethoxysilyi-4-thioacetylnorbornene; 2-(2-triethox>'siiyl-l-ethv1)-5-trhoacety!norbomestie; 
2-(2-triethoxy si iyl- 1 -ethyl)-4-thio'aeetykorbomene; 

l-(l-oxo-2-thia-5-methoxysiiyipenyI)beozoic acid; 6-triethoxy.silyl.-l -hexyl thioacetate; 
I-triethoxysilyhS-hexyl thioacetate; 8~methoxysilyM -octy ! thioacetate; 
l-tne&oxysilyi-7~octyl thioacetate: 6-triethoxysilyM -hexyl thioacetate; 
I -triethoxysilyl-5~octyl thioacetate; S-trimethoxysiiyi-1 -octyl thioacetate; 
1 4nmethox t \ tl oacetA. 

I-triethoxysiIyl-9-decyi thioacetate; l-triethoxysilyi-2-butyl thioacetate; 
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I-ttiethoxysiIyl-3-butyi thioacetate; i-trie&oxysiIyi-3-insthy]-2-biuyI thioacetate; 

1- triethoxysj!yi-3-metbiyI-3-bwt} f I ihioacetate; 3-trimethoxysifyl- ! -propyl tbiooctoate; 
3-triethoxysiIyM -propyl thiopalmltate; 3-triethoxysilyl-i -propyl thiooctoate; 
3-triethoxysilyI-l-propyI tMobenzoate; 3-triethoxysilyi-l -propyl &?V2-ethylhexa»oate; 
3-methyidiacetoxysiIyi-l -propyl thioacetate; 3-triacetoxysiM- 1 -propyl thioacetate; 

2- methyldiacetoxysiiyl-l -ethyl thioacetate; 2-triacetoxyaUyhl -ethyl thioacetate; 
1 -methyldiacetoxysllyi-1 -ethyl thioacetate; 1 -triacetoxysiJyM -ethyl thioacetate; 
tris-(3-trieth. \ *h\ i- 1 -prop} 1 stnthiophosphate; 
his-<34nethoxysiiyi-I-propy!)methyldithiophosphonate; 
bis-(3-triethoxysiIyl-!-propyi)ethyIdithiophosphoaate; 

3- tneth.oxysilyl- 1 -propyldimethyithiophosphinate; 
3-tricthoxysiIyi- 1 -propyidietfcyithiophosphinate; 
tris-C 3 -triethoxysilyi- 1 -propyI)tetratlnophosphate; 
bis-{3>tnethoxysiIyl~I--pfopyl)methyStrithiophosphonate; 
bis-f 3 -triethoxysilyi- 1 -prx>pyl)ethyltrithiophosphoaate; 

v -v f > ^ - - 1 !. s phosphinate; 

3 -triethoxysilyi- 1 -ptopyldiethyldithiophosphinate; 

> - ? thidphosphate; 
Ms-{3~methyIdimethoxysiiyl~ 1 -propyl)meihylditMophosnhonate; 
bis-C3-methytdt^ 

3-methvidimethoxysilyl - 1 -propyldmiethyhfeiophosphinale; 
3-raethyldimethoxyshyl-l propyldie xhosphinate; 
3-trIethoxysilyM -propyhneti iylthi< sulphate; 
3-triethoxysi!) i-i-pr. : ; Lmetl ... t >suipho»ate; 
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i nefeiosuiphonate; 

stho -t-pt > - t h u 

34risthoxysi!yl- i -propyltoh ; tuosuip na 

3-triethoxysilyl- 1 -propylnaphfedenethiosulphonate; 

S i rop zfeiosulphona » \ nethyime iosulphaf 

iriethoxysiiy]i«ethylniel.haneihiosuiphoKat.e: trietJioxysiiylmemyletharjethbsulphonate; 

triethoxysilylmethylbe-izenetliicsuiphonate; ttiethoxysllylmethyltolueriethiosulphoESSe; 

triethoxysilyimethylnaphthalenethlosiilphoaate; triethoxysilyimethyi • . ■• . osuiphonate, 

10 13. A process according to claim 1 1 wherein Y is -€(™Q)-. 

14. A process according to claim 13 wherein each X is RO-, the silaae is of formula (1% r=l 
and s*.I. 

15 5 arocess for the n ureof a block 

consisting < eact q nercaj > an acid anhydride rreaps 

thidester group present in the desired product; 2) reacting an alkali metal salt of a 
mercaplosilane with the appropriate acid anhydride or acid halide; 3) transesterifying a 
mercaptos > c I) the transesterifying bet* f 

20 ester; 5) transesterifying between a l-sila-2-thtacyclopentane or a I -si!a-2-thiacydohexane 
and an ester: 6} adding by a free radical addition mechanism a thioaeid across a carbon- 
carbon double bond of an alkene-functional silane, catalyzed by UV light, heat, or fee 
appropriate free ra; >r wherein, if the thi oaeid is a thi< t acid, the two 

reagents are brought into contact with each other in such a way as to ensure feat whichever 
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reagent is added to the other is reacted sabstaatiaiiy before tfee addMsij proceeds; and 7) the 
reacting as alkali metal salt of a thioacid with a haloaikylssiase. 



16, A process according to claim 15 whereis the acid haiide or acid anhydride is an inorganic 
5 acid haiide or inorganic acid anhydride, respectively. 

17, A process according to claim 16 wherein: die mercaplosiiane produced is of claim 12, 

18, A rubber composition comprising: 

10 a. blocked mereaptosilane selected from the group consisting of: 
[[(RDCWMGy^Y-Sl-G-CSiX,}, (I); and 
|(X 3 SI) (! -G] a -[Y-[$-G-SiX3] b L (2) 
wherein 

Y is a ~C(0}~: 

15 each R is chosen independently from hs drcge* ~ 

may or may -not .contain unsaturation, aikenyi .groups, and groups, and axaikyl groups, with 

each R containing from I to 18 carbon atoms; 

eaehG is independently a monovalent or polyvalent -roup lerh :d b \ - hat tution of 

alkyi, aikeny i, aryi or araifcyi wherein G can contain from I to ! 8 carbon atoms, with the 
20 proviso that G is not such that the siiane would contain an (^unsaturated carbonyl including 

a carbon-carbon double bond next to the car bo; roup, and i 

G can be a hydrogen atom; 
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X Is indcr s 3 $ group selected from the group consisting of -CI, -Br, RO-, 
RC(0>0-, RjC-NO, R 2 NO or R 2 N-, -R, ~(OSiR 2 ) s (QSiR 3 ) wherein each R and G is as 
above and at least, one X is not ~R; 

p is 0 to 5; r is 1 to 3; q is 0 to 6; a is 0 to 7; b is 1 to 2; j is 0 to 1 , but it may be 0 only if 
5 p is I, c is 1 to 6, t is 0 to 5; s is 1 to 3; k is 1; and a + b » 2; 
b. an orga 
c a filler. 

which composition is essentially free of a fonetionaiized siloxane. 

io 19. A silane of the formula: XjSiGSC{-<})GC(-0}SGSiX 3 vebssr&m 

each R is chosen independently from hydrogen, straight, cyclic or branched aikyl that 
may or may not contain uasaturation, alkeayl groups, ary! groups, and aralkyi groups, with 
each R containing from Ho IS carbon atoms; 

each G is independently a divalent group derived by substitution of alkyl, alkenyi, aryl or 
15 aralkyi wherein G can contain from Ho i 8 carbon atoms, with the proviso that G is not such 
that the siiane would contain an a, p -unsaturated carbonyi including a carbon-carbon double 
bond next to the thlocarbonyi group; 

X is independently a group selected from the group consisting of -CI, -Br, RO-, 
RC(«0)0- s R,ONO> R 2 NO- or R 2 N-, -R, -(OSiR 2 X(OSiR 3 ) wherein each R and G is as 
20 above and at least one X is not -R; and 
t is 0 to 5. 

20. A silane of the formula: blocked mercaptosii arte selected from the group consisting of: 
[|{ROC(-0)} p -{G) j ] r Y-S] r -G-(SiX 3 ) s (1); and 
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IC^Si^OJH^CS^Si^U (2) 

wherein 

Yis-C(-O)-; 

R has a primary carbon attached to the carbonyi and is a C r C a aikyl; 

each G is independently a monovalent or polyvalent group derived by substitution of 
aikyl alkeayl, aryl or araikyl wherein G can contain from 1 to I § carbon atoms, with the 
proviso that G is not such that the sikne would contain an a^-unsaturated carbouy! incloding 
a carbon-carbon double bond next to the tMocarbonyi group, and if G is univalent (if p ~ % 
G can be a hydrogen atom; 

X is independently a group selected from the group consisting of -CI, -8r> RQ-, 
RC(*O)0-, R,ONO«, R 2 NG- or R 2 N-, -R, -(OSiR^COSlR.,) wherein each R and G Is as 
shove and at least one X is not ^R; and 

p is 0 to 5; r is 1 to 3; q is 0 to 6; a is 0 to 7; b is I to 2; j is 0 to I, but it may be Q ojsjly if 
p Is l, c is Ho 6, t is 0 to 5; s is .1 to 3; k is 1; anda+b«2. 
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AMENDED CLAIMS 
[received by the International Bureau on 22 January 1999 (22.01.99) 
is 1 3, IS and 20 amended, remain! g claims < gee 
(10 pages)] 

! . A blocked mercaptosilane selected from the group comisting of: 
5 [[(R0C(-O)V<G) l ! r Y-S] f -G-(SLX 5 ) s (1); and 

[{X. 1 Si) <3 ~G] r [y-[S-G-SiX 3 ] b | c <2) 
wherein 

Y is a polyvalent species (Q) Z A(~E) selected from the group consisting of 
-C<«NR}-; -SC(^NR)-; -SC<«0)-; -OC{^0)-; -S(^O)-; -S(=0) r ; -OS(=0) r ; 

10 -(NR)S{-0) r ; -SS(«0)s ~OS<=--0}~; ~(NR)S<-0)~ ; -SS(=G} r ; (-5} 2 P(=G>-; 
~<-S)P(-0}-; ~P<-0}<-),; (-S),P(-S)~; -(-S)P(-S)-; -P(-S)t-) 2 ; (-NR),F(-0)s 
(~NR}(-S)P{-G}~; {-0)(-NR)P(-0)- ; (~0)(-S)P{-0)~; (~0),P(-0)-; -<~0)P<=0)~; 
4-mM**0)~; {-NR) 2 P{^S)s <-NR)<-S>P<*=S}-; <-0}(~NR)P(=S)s <~0)fSlP(«S}~; 
(- 0) 2 P(=S)-; -(-O)P(^S)-; and -f NR)P(^S)- ; each wherein the atom (A) attached to the 

15 maturated heteroatom (E) is attached to the sulfur, which in turn is linked via a group G 
to the silicon atom; 

each R is chosen independently from hydrogen, straight, cyclic or branched alky! 
that may or may not contain unsaturation, alkenyj groups, aryi groups, and aralkyl groups, 
with each R containing from I to 18 carbon atoms; 
20 each G is independently a monovalent or polyvalent group derived by substitution 

of aikyl, aikeoyi, ary! or aralkyl wherein G can contain from 1 to 18 carbon atoms, wife 
the proviso that G is not such that the silane would contain an a,|1~unsaturaied carbonyl 
including a carbon-carbon doable bond next to the thiocarbonyl group, and if G is 
3 .a be a hydroge i ^orr 
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X is mdependentiy a group selected from tb^ group consisting of -CI, -Br, R<K 
RC(-0)0- ; R 2 C-N€K R 2 NG- or R 2 N-, -R, -(OSiR 2 ) t {OSili 3 ) wherein each R and O Is 
as above and at least one X is not -R; 

p is 0 to 5; r is ! to 3; z is 0 to 2; q is 0 to 6; a is 0 to 7; b is I to 3; J is 0 to I , but 
5 it may be 0 only if p is 1 , c is 1 to 6. i is 0 to 5; s is 1 to 3; k is !. to 2, with the provisos 
that (A) if A is carbon, sulfur or sulfonyl, fees (i) a + b - 2 and (it) K * 1; (B) if A is 
phosphorus, then a + b - 3 unless both (i) c> 1 and (ii) b = I, in which case t«c + 
I; and. (C) if A is phosphorus, then k is 2. 

consisting of methyl, ethyl, propyl, isobutyi, phenyl, tolyl, phenethyl, norbomyi, 
norbornenyi, ethylnorborny!, ethylnorbornenyl, ethylcyclohexyi. ethyleyeiohexenyS* and 



15 3. A blocked mercaptosilane according to claim 1 according to formula (I). 

4. A blocked mercaptosilane according to claim 1 according to formula (11). 

5. A blocked mercaptosilane according to claim i which has been partially hydroiyzed. 

20 

6. A blocked mercaptosilane according to claim 1 wherein Y is selected from the group 
consisting of: ~OC<=0)-; -SC{=0)~; -S(-O)-; -OS<=0)s ~<-S)P<=*0)-; and -P(-0)(-) 2 , 
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according to claim 1 wherein &e sum of the cartoon atom 
the G groups within fee molecule are from 3 to 18. 



8. A b ercai ne in iaim 1 wherein 



p»Gto2;XisRO-or 




ofC 2 



10. A 
a. 
b. 



into the mixture of step (a) j 
and a curing agent; md 
thei 



I of: 

[[(ROCC-OVCO^-Y-Sj.-G-CSlX^ (1); a 
[(X 3 SiVG] a -iY-[S-G-SiX 3 J fc ] c (2) 



; is selected from the group 
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Y is a polyvalent species (Q)^^!), each wherein me atom (A) attached to the 
unsaturated heteroatom (E) is attached to the sulfur, which in turn is linked via a group G 
to the .silicon atom; 

each R is chosen independently from hydrogen, straight, cyclic or branched alkyl 
that may or may not contain ^saturation, alkenyi groups, aryi groups, and aralkyi groups, 
with each R containing from 1 to 18 carbon atoms; 

each G is independently a monovalent or polyvalent group derived by substitution 
of alkyl, alkenyl, aryi or araikyl wherein G can contain from I. to IS carbon atoms, with 
the proviso chat G is not such that the silane would contain an a, Unsaturated carbonyl 
including a carbon-carbon double bond next to the thiocarbonyi group, and if G is 
univalent, G can be a hydrogen atom; 

X is independently a group selected from the group consisting of -CI, -Br, 10-, 
RC<=0)€K R 2 NG- or R 2 N-, -R, -<OSiR 2 X(OSiR 3 ) wherein each R and G is 

as above and at least one X is not ~R; 

Q is oxygen, sulfur or (-NR-); 

A is carbon, sulfur, phosphorus, or sulfonyl : 

E is oxygen, sulfur or NR; 

P is 0 to 5; r is I to 3; z is Q to 2; q is 0 to 6; a is 0 to 7; b is 1 to 3; j is 0 to ! , but 
it may be 0 only if p is i, c is 1 to 6, t is 0 to 5; s is 1 to 3; k is 1 to 2, with the provisos 
that (A) if A is carbon, sulfer or sulfonyl, then (i) a + b » 2 and (ii) k « 1; (B) if A is 
phosphorus, then a + ■ b ~ 3 unless both (i) c > 1 and (ii) b ~ 1, in which case a = c + 
1 ; and (C) if A is phosphorus, then k is 2. 
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12. A process according to claim 11 wherein the mercaptosilaiie Is selected from the group 
consisting of: 

2-trieflioxysilyI-l -ethyi thioacetate; 2-inmethpxysi!y 14 -ethyl thioacetate; 

2-{meth> i\ ) i ethyl thioacetate; 3 -frimethoxysiiyl-l -propyl thioacetate; 

trieihoxysilytaethyl diioaeeiate; trhoethoxysilyimethy! thioacetate, tri 

thioacetate; methyidiethoxysiiyimethyl thioacetate; meihyldimethoxphylmethyl thioacetate; 

methyldiisopropoxysiiylmethy! thioacetate; dknethytethoxyM 3 j 

ei ithox Imethyl thioacetate; dimethyiisopropoxysUyimethy! thioacetate; 
2-triisopropoxysilyl-l-ethyi thioacetate; 2-<methy!diethoxysilyI>- 1 -ethyl thioacetate; 
2-(methy!diisopropoxysi!yi)-l-ethyl thioacetate; 2-{dimethylethoxysiiyl)- 1 -ethyl thioacetate; 

2- <dimethyimethoxysiiy!)- 1-ethyi thioacetate; 2-(dimethyHsopropoxysilyi)-l-ethyi 
thioacetate;: 3-iriethoxysilyl-i-propyi thioacetate; 3-mtsopropoxysi?yM-propyI thioacetate; 

3- methyidiethoxysilyl-l-propyi thioacetate; 3-mediyldimethoxysiiyl-l-propyl tti&acetate; 
3-inethyldiisopropoxysiiyi-l-propyl thioacetate; 

M2 triethoxysily!-I-ethyl}-4-thioacetylcyciohexane; 
!-(2-triethoxysilyi-i-ethyl}-3-thioacety!cyclohexane; 

2~triethoxysily]-5~thioacety!oorfaorsene; 2~trkthoxysiiyl-4~thioacety , lm)rborneae; 
2-(2-trieihoxysiIyi- 1 -ethy l}~5~thioacetyinorhorBeae; 
2~{2-triethoxysi!yI- i 1 ^-e^iyl}-4-thioacetyiaoroomerje; 

1 -{l-oxo-2-thia-5-triethoxysi!yipertyl)benzoic acid; 6-triethoxysiIyl~I~hexyI thioacetate; 
l-triethoxysilyI-5-hexyl thioacetate; 8-trieihoxysilyl-i-octyl thioacetate; 
l-triethoxysilyi-7-octyi thioacetate; 6-triethoxysilyl-l-hexy! thioacetate; 
l-triethoxysiIyl-5-octyl thioacetate; 8-trimethoxysilyI-l-octyI thioacetate; 
l-trimethoxysiiyI-7-ocfyl thioacetate; IO-triethoxysiiyl-1-decyi thioacetate; 
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l-triethoxysHyl-9-decyI thioacetate; i-triBthoxysiiy1-2--feu£yi disoaeeMe; 

l-triethoxysiyi-3-butyi thsoaeetats; l-£rigthoxysayI-3-met|jyl^bai^i tMmcetate; 

l-tnethoxysilyi-S-methyi-3-buiyJ tiuoacctete; 3~trimethoxysMyl-l -propyl thmoctam; 

3-triethoxysiiyl-l-propyl thlopalmitate; 3-trietaysilyl~ i-propyi thtoociaaie; 

3-triethoxysiiyM -propyl thioberooaie; 3-triethoxysayl-i-pmpyi ihio-l^&ylhexaisoate; 

3-me%1diacetoxysilyI~I~propyl thioacetate; 3~tnace£oxysiiyl-i-prapyl tMoacetate; 

l-me&yidiaeetoxysEyi-l -ethyl thloacetate; 2-triacetoxysayl-i -ethyl tMoaeetate; 

I-methyidiacecoxysiiyM-ethyl thioacetate; 1-triacetoxysilyi-l-ethyl tMoaeetate; 

tris-{3- trieihoxy sily i- 1 -propylHrkhiophosphate; 

bls-{3-tiie&«xysiIyi-l-propyi}methyldithIophosphonate; 

bis-(3-trieihoxysilyI- 1 • propy!)ethyidirhiophospho.nate; 

3~triethoxysiiy!-l-propyldimethyIiMophosphmate; 

3-^etfeoxysilyl-l-propyldiefeylthiophosphiHate; 

trts-0-trfe&oxy8ilyI4»propyl)tetrathiopfeosphate; 

bis-{3-triethGxysilyl-l-propyi)methyltri!hiophosphonate; 

bk-{3-tdetiTOxysiIyl-l--propy])ethyUritMophosphonate; 

3-liiethoxy silyl- 1 ~propyMlmed>yidifeIophosphmate; 

3-triellioxysiiy1-l-propyldie%1dithk>phosphmate; 

tris-CS-mediyldimethoxysjlyl- 1 -propyl)tri£hiophosj>hale; 

bM3-me%tdimethoxysiM 

biH3-J^yWimethoxysilyl-l-propyl)ethyMithiophosplK>i»te; 
3-!aethyldin»tlKJxysiiyl-i-propyidimeaiyitMopho^hiime; 
3-methyidimethoxysiiy 1- 1 -propyldiedxyitbiophospMnate; 
3~frietaysiiyl- 1 -propylmethyithiosulphate; 
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3-txiethoxysByl- ; 




-triethcx) s d-I-i 
34rie&oxysi!yl-l-propyLnapMhaieiiechjosulpliORate; 
3-trieitoxydlyl-l-pmpy!xyienetiM 



triethoxysilyin; 



trietfeexysUyh 



13. A process according to claim 11 wherein Y is -C(=0)-. 



14. A p 
r«l and s^L 



I to claim 13 wherein each X is R0- ( the siiane is of formula (I), 



15. A process for the manufacture of a 
consisting of: 1) reacting a mereaptosilane and a m 
thioester group present in the desired product; 2) n 
mercaptosiiane with the appropriate acid anhydride 

the ester; 4} the transesterifying between a thioeste 
•ween a l-sila~24hkcyefopentats 
i 6) the reacting an alkali metal salt of a tl 



laiide; 3) & 
ii of the a 
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16. A process according to elate 15 wherein the acid haiide or ask! anhydride is an 

Inorganic acid haiide or ir*>rganic acid anhydride, respectively. 

1?. A process according to claim 16 wherein the mereaptosiiane produced is of claim 12, 



18. A 

a. blocked 

[I(ROC(-0)) p <G) i I r Y-SI f -G~(SiX 3 ) s (1); 
C(X 3 SiVGMY-|S-G-SiX 3 ] b J c (2) 



Yisa~C(-OK 

each R is chosen ixKlependentiy from hydrogen, straight, cyclic or branched alkyl that 
may or may not contain unsanction, alkenyl groups, aryi groups, and araifcyl groups, with 
each R containing from 1 to 18 carbon atoms; 

alkyl alkenyl, aryi or araikyi wherein G can contain from 1 to 18 carbon atoms, with the 
proviso that G is not such that the sHaae would contain an ^-unsaturated carbonyl 

3d aext to the thiocarbony! group, and G can. be a 



X is independently a group selected from the group consisting of ~CJ, -Br, ROs 
RC<~G)0~, R 2 C-NO-, R 2 NO~ or R 2 N- S -R, -(OSiR^OSiRg) wherein each R and G is 
as above and at least one X is not -R; 

p is 0; r is 1 to 3; q is Q to 6; a is 0 to 7; b is 1 to 2; j is L c is 1 to 6, t isOto 5; s is 1 
to 3; k is .1; and a + b - 2; 
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b. as. organic polymer; and 

c. a filler. 

which composition is essentially free of a funetionaiized siloxane. 



19. A silane of the formula; X 3 SiGSC(=0)GC(-0)SGSiX 3 wherein 

each R Is chosen independently from hydrogen, straight, cyclic or branched aikyl that 

may or may not contain unsamratkm, alkeny! groups, aryl groups, and araikyl groups, with 

each R containing from 1 to 18 carbon atoms; 

each G is independently a divalent group derived by substitution of aikyl, alkeny!, aryl 

or araikyl wherein G can contain from 1 to 18 carbon atoms, with the proviso that G Is not 

such that the silane would contain an a,S~unsaturaied carbonyl including a carbon-carbon 

double bond next to the thiocarbony! group; 

RC<-0}0-, R 2 C=NO-, R 2 NO- or R.N-, ~R, -(OSiR 2 ) ! (OSiR 3 ) wherein each R and G is as 
above and at least one X is not -R; and 
tte0t»5. 



20. A Mocked mercaptosiiane of the formula: 

[[Cl.OC(=0)V{G) i k-Y-S] r -G-(SiX 3 ) s (1); and 
[(X s Si),-G] & 4Y4S"G-SiX 3 ] b j c (2) 

y is ~e<=o)s 

R has a primary carbon attached to the carbonyl and is a C r C 12 aikyl; 
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each G is indepeadentiy a monovalent or polyvalent group derived by substitution of 

aikyl, alkenyl, aryi or aralkyl wherein G can contain from 1 to 18 carbon atoms, with the 

proviso that G is not such that the silane would contain an aj-imsaturated caibosyi 

Including a carbon-carbon double bond next to the thioearbonyl group: 

X is independently a group selected from the group consisting of -CI, -Br, R0% 
RC(~G)IK R 2 ONO-, R 2 NO~ or R 2 N % -R, -<OSiR 2 ) t (OStR 3 ) wherein each R and G is 
as above and at least one X is not -R; and 

p is 2 to 5: r is 1 to 3; q is 0 to 6; a is 0 to 7; b Is 1 to 2; j is 1, c is 1 to 6, t m 0 to 5; 
* is 1 to 3; Is is t; and a + b « 2. 
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